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BOILER PANEL AT GOODYEAR TIRE & RUBBER CO., AKRON, OHIO 
See Page A4 (Courtesy Republic Flow Meters Co. 











4 QUESTIONS... 
and 4 CUnswerr 


WHAT MAKES GREATER POTENTIOMETER ACCURACY POSSIBLE] 


A, the following three combined— 
|. A slide wire capable of this greater accuracy. 
2. A galvanometer sensitive enough to make use of that accuracy. 
3. A mechanism that accurately responds to galvanometer movements. 


|WHY IS THE BROWN 40" SLIDE WIRE MORE ACCURATE) | 


A, The Brown Slide Wire (several times longer than found in other types of Re- 
cording Potentiometer Pyrometers) has more convolutions and has larger di- 
ameter wire, wound on a large core. Because of this, each convolution can 
be selected accurately. 

The slide wire is totally enclosed, immersed in oil, protected against corrosion, 


HOW IS SENSITIVITY OBTAINED IN THE BROWN GALVANOMETER 


A, Sensitivity is obtained by the use of an extra long pointer which gives greater 
e . . 
galvanometer deflections for minute temperature changes. The extra long 
pointer also permits the use of rugged suspensions. In addition, the galvanom: 
eter is enclosed in a separate housing protected against air currents, dirt, dust 
and fumes that would otherwise affect sensitivity. 


[HOW DOES THE MECHANISM RESPOND TO THE GALVANOMETER | 


A, Minute galvanometer movements are converted into powerful movements of a 
rugged secondary pointer that controls the positive (pawl type) drive mecha- 
nism which eliminates lost motion in recording temperature changes. It can 
move rapidly in large steps, or take its smallest step of | /1200th of the chart 
span with absolute definiteness. 


LET'S LOOK AHEAD! 


You may think your process does not need extreme accuracy today, but 
competition in industry is constantly demanding more precise manufactur 
ing methods. Recognizing this trend, progressive industrialists in increasing 
numbers are repeatedly buying Brown Potentiometer Pyrometers. 

Brown Potentiometer Pyrometers have the accuracy, combined with 
ruggedness, that will be demanded in the future. Why not obtain this ad- 
vantage today? Write for Catalog No. | 101. 


THE BROWN INSTRUMENT COMPANY YW 


4482 WAYNE AVENUE PHILADELPHIA, PA. 
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Branches in 22 Principal Cities 


BROWN POTENTIOMETER PYROMETER 





Brings Laboratory Accuracy to Industry 
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ned with Mounted in a sturdy, portable carrying case, this new WESTON load leads . . . just one hook-up. With the selector switch at 
in this ad- unit provides for quick and complete analysis of industrial the left. voltage readings are obtained across any pair of the 
loads, It measures current, voltage and power in single or three lines, and the switch at the right connects the ammeter 
polyphase circuits and power factor in 3-phase circuits .. . to read current in any one of the three without in any 
R without the necessity of hooking up individual instrument way interrupting the operation of the circuit. That's all there 
In addition, provision is made for measuring transients such is to it. 
& = as starting current of induction motors. tecause of its time-saving features, its simplicity and it 
It’s the new WESTON Model 639 Industrial Analyzer, whieh positive indication Model 639 is the ideal tool for plant 
makes load testing quick and simple. Here’s an example maintenance and for servicemen and contractors. A bulletin i 
To get full line characteristics of a 3-phase circuit with this available with complete data. Send for a copy. Weston Electrical 
analyzer, simply hook on the three line leads and the three Instrument Corporation, 591 Frelinghuysen Ave., Newark, N. J 
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‘TAYLOR TEMPERATURE CONTROL’ 


























eries, textile mills, canning plants, 
power plants, paper mills, meat pack 
ing plants, breweries, and many others 
can all testify to the value of exact 
control by ‘Taylor instruments. 
Wherever temperature control—or 
pressure or flow control—is necessary, 
a Taylor System of indicating, record- 
ing and controlling instruments can 
be engineered to do the work accu- 
rately, efficiently and economically. 
Ask a Taylor Representative for a 
survey of your plant to determine 
how much Temperature Control can 
do for you. Every Taylor System is 
a “Taylor-made” 
system, engineered 
and installed to fit 
special needs and 
conditions. For help 
on any problem in 
volving temperature, 
pressure, or flow— 
address Taylor In 
strument Companies, 
Rochester, N. Y., or 


a | ‘ 
Toronto, Canada. 


3 E HAVE used the Taylor _ erscantelltodayregarding engineered 
System of Temperature Con- temperature control. There are plants 
that, in a year, have secured savings 


trol in our plant for more than a 








year and know that its cost has been amounting to more than three times 
more than paid for in the savings it the cost of equipment and installa- Indicating Recording + Controlling 
brought about.” tion of the control system. TEMPERATURE, PRESSURE 27d 
That’s the story many plant own- Executives of bakeries, oil refin- FLOW INSTRUMENTS 
INSTRUMENTS 
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EDITORIAL COMMENT 


In This Issue 


very two years or so we depart from 
our rule on printing only exclusive arti 
one of great interest to our 


cles when 


readers appears where few would see it 
In Radiography and Clinical Photogra 
phy published by Kodak Co., 
there appeared recently an article of just 
this kind, and it is with pleasure that we 
this month’s leader. 

Increasing use of electrical instruments 
ind increasingly critical appreciation of 
performance—both largely stimu 
lated by Instruments, if we 

made it important to correlate differ 


Kastman 


make it 


their 
may say so 


ent ideas on the factor of merit. R. W. 
Carson not only does this but adds his 
own well-matured ideas. 


“The potentiometer,” declares Dr. C. V. 


Drysdale, “is the most generally useful 


of all accurate electrical instruments.” 
lo which we need not add a word in 
referring to the 12 page treatment of 


manually-balanced d.-c. potentiometers in 
this month’s issue. 
That Manual 
to-date has often been demonstrated the 
last vears. This month, two of the 
potentiometers described are 1935 models: 
diagram of drawn this 
month by the other was 
built this month. 
ERRATUM 


last month's 


The Front Cover 


For the second month in succession we 
ire able to give a detailed list of the in 
struments on our front cover. The boiler 
panel made up for Goodyear by 
Republic, whose advertising manager, 
Herb Stoetzel, sent us a blueprint giving 
the following: 


our instalments are up 


few 


was 


the 


the one 


makers, 


Equation (5), page 189, 
for 1.555 read 1.155. 


issue: 


was 


Drum pressure gage 
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10. Coal-air mixture temperature recorder (2-pen) 

it. Feed water pressure gage 

12. Steam flow indicator and 3-pen 
sure and temperature recorder 

13. Load control relays 

14. 3-pen temperature recorder 

15. Fuel control relays 

16. Feed water level indicator and 3-pen feed 
temperature, pressure and level recorder 

17. White, red and green bull's eyes—9 each. 

18. Eleven switches 


steam flow, pres- 


water 


Also shown on the photograph is a 
“Ranarex” COs, indicator-recorder made 
by the Permutit Co. 
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Instruments Dominate Metal Show & 


F on account of distance or for any other reason you 
1934 National Metal Exposition now being held in New 
missed seeing “an Instrumentation museum with metallu 

tures and additions.”’ Too bad that by the time this appea 
the exposition will be over. It may not be amiss, however, t: 
month’s editorial comment a tribute to the recent advanc 
mentation in the fields of production, fabrication, treatment 
cation of metals and alloys, by setting down without flowery 
some of the back-of-envelope jottings we made hastily this 
Here they are, in alphabetical order: 

Baldwin-Southwark, Demonstrating Emery machine with new Sx 
recorder; featherweight scratch extensometer; Huggenberg tenson 
ing instruments; Carpenter torsion impact tester: R. R. Moore fat 
in operation; Emmons static torsion tester. 

Bausch § Lomb. Microscopic and spectrographic equipment 1 
simple to most elaborate & latest; measuring microscopes for §s!| 
large quartz spectrograph with accessories for quantitative results; 
illographic equipment set up in front. 

Bristol. One of largest booths. Extensive line including new: tra: 
Metameter, “B-Linator” (pronounced bee-line-ator) anti-hunting « 
vice, resistance thermometer, elec. recorder-controller with 
inverted penarm recording voltmeter in rectangular case. 

Brown. Millivoltmeter and potentiometer types of indicating, re 
control pyrometers in operation. Educational exhibits of cut-away i: 
& of flowmeter bodies. Interesting to compare electrical & mech 
meters & area meter. 


mercur 


Ferrous Magnetic. Demonstrating production inspection equipment 


normality detector; exhibiting wire & strip analyzer and magneti 
control unit. 

Foxboro. Demonstrating elec. furnace arranged for creating ey» 
conditions of lag, equivalent to +30°, brought down to straight-line « 
*“De-Oscillator” while you watch. Also “Rotax” controller, edgewis« 
struments and extensive line of temperature, pressure and flow in 

General Electric X-Ray. Demonstrating new method of radiographi 
seams up to 4” thick. 

Gogan. Demonstrating bench and floor Brinell testers. 

Hauck, New “micro-regulating” fuel-oil control valve. 


Illinois Testing Labs. Self-contained and remote-reading pyrometers 


Kelley-Koett. Various X-ray inspection equipments, one operating 
Leeds & Northrup. Demonstrating: new “Thermotube” recorder 


which controls from metal temperature, not from furnace atm. temp.; 


Carb; Homo; new Micromax combining numerals & colors. 


( 





Leitz. Metallographic equip’ts with improved illum. & optical systems 


turing darkfield & polarized light. New vacuum heating stage 
photogr. equip’t, both rec’d in U.S, 2 days before exhib. opened. 


ind 


Magnaflux Corp. Prof. deForest demonstrated his magnetic method and 
cial powder for detecting defects; also equip’t for magnetizing materials 

Magnetic Analysis Corp. Demonstr. portable equip’t for detecting me 
defects, materials of foreign analysis and struct. changes in bar stocl 

Minneapolis-Honeywell. One of largest booths. Numerous improved mod 


Featuring proportional system of auto. control, Protectoglow systen 
bustion safeguard, Modutrol system for air-conditioning. 


Olsen. Demonstr. 20,000-lb. univ. testing mach. with 8-speed drive & pe! 


lum weighing system; univ. impact tester; spring testers; prover 
gages, etc. 

Partlow. So many new temp. controllers & safety gas valves tha 
Section may have to be expanded if Al. sends ’em all in. 


Featured new triple-range optical type for 


} 


Pyrometer Instr. Co. 
lab. & foundry. 

Scherr. Zeiss optical measuring instr’s and stroboscope; Parkson ¢ 

Selas. Auto. gas-air proportioning control in operation. 

Shore. Scleroscopes, Durometers, Monotrons, etc. New small inter! 
Monotron. 

Tagliabue. Demonstr. potentiometric recorder-controller of “proport 
drifting non-hunting” type with 0-1600°F. scale holding a small f 
+1°F.; also just-completed indicating potentiometer with mirror gal 
and a new 2- or 3-position indic. pot’r controller. 

Testing Machines, Inc. Demonstr. compl. line of Schopper teste: 
hardness, impact, abrasion, torsion, bending & folding. 

Wilson Mech. Instr..Co. Demonstr. Rockwell line & Suvant (former 


Taber) stiffness testers modified for testing metals. 


Zeiss, Demonstr. micrographic equip’ts & various microscopes, ill 


etc. 
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X-RAYS IN INSPECTION 


By E. W. KOLB* 


RAYS in industry, as in the hospital, safeguard 
human life. There is this distinction: In the hos 
pital, x-rays are used to determine the location 
and extent of damage already done; while in industry 
they are used to examine materials both before and after 

processing to avoid disaster to multitudes of people. Im 
agine the calamity that would follow the bursting of 

Boulder Dam, for example. In order to prevent it, x-ray 
film is being used by the mile. Every inch of the 80 miles 
of welded seams of the 13.000 feet (55.000 tons) of steel 
pipe, 81, to 30 feet in diam 
eter and 27%” thick, and many 
other parts of this structure, 
ire being radiographed to 
safeguard human life. Or can 
vou imagine the holocaust that 
would follow the explosion of 
: high-pressure boiler located 
in the densest section of a 
large city? While the seams 
of such boilers are welded for 
safety, it is common practice 
to radiograph them before in 
stallation. 

Railway signalling is de 
signed and installed primarily 
to protect human life and sec 
ondarily to expedite the move- 
ment of trains. Some time 
when your train is stopped 
for no apparent reason, your 
impatience may be somewhat 
assuaged if you remember 
that railway signalling has 
stopped you a mile or so short 
of an accident, perhaps a mile 
or two short of eternity. If 
signalling fails to perform its 
proper function, it is worse 
than no signalling, for in its 
absence other, though less ef- 
fective, means would be pro 
vided to safeguard human lives. All man-made things 
fail. Railway signalling is so designed that if failure 
occurs, it must be on the side of safety—that is, a train 
may be stopped or delayed by a failure. One such failure 
may occur once in a million operations of a railway 
signal device, yet these devices must be so manufactured, 
installed, and maintained that a failure will not cause 
a dangerous condition. Hence, the necessity for utmost 
care in the selection of materials and in the processing, 
assembling, and inspection of these materials. 

Inspection of signalling material includes x-ray exami 
nation of certain important parts, such as the silver 
impregnated carbon contacts which are used in relays 
or other devices for opening and closing electric circuits. 


way Signal Co. 


Whenever a circuit is opened at one of these contacts, a 
tiny are is formed tending to fuse the contact. During an 
electrical storm, when static charges are induced in the 
signal wires, the arc may be quite appreciable. These 


Mer Commercial Tests & Inspection, General Railway Signal Co., 
mf 


Rochest: r, N 








Fig. 1. Exposure room of Radiographic 


contacts must be nonfusible; hence, carbon is used for 
the basic material. They must be of low electrical r 
sistance; hence, molten silver is forced into the minute 
pores of the carbon structure. The proportion of silver 
and carbon must. be quite exact and the silver must be 
evenly distributed throughout the carbon. There must 
not be any continuous thread .of solid silver extending 
through the carbon as this might fuse to the other mem 
ber and cause a dangerous failure. These contacts ar 
purchased in large quantities and eve ry such contact is 
Xx raved (about 1,000 pieces 
on a 14” x 17” film The 
radiographs are carefully in 
spected. A few characteristi: 
samples, rich and poor in sil 
ver, are also selected for 
chemical analy sis to determine 
the proportion of carbon ind 
silver. All contacts on any 
radiograph that are obviously 
satisfactory are sent to stock 
for use. All that are in any 
way questionable are set aside 
and when the lot is finished, 
they are again x-raved in two 
positions on the same film 
This second radiographic 
record is very carefully exam 
ined under a magnifving glass, 
the defective contacts are de 
stroved and good ones sent to 
stock for use as and when re 
quired, with the certain 
knowledge that all in stock 
are suited to function as in 
tended. 

While our x-ray apparatus 
was purchased primarily for 
the examination of these con 
Department of the Gensel Mett- tacts, it was soon found val 
uable for other purposes; e.g., 
gray iron, malleable iron, and 
steel castings ; butt (pressure ) welds, flame welds, and arc 
welds; molded Bakelite parts having metal inserts or sus 
pected of containing metal inclusions; apparatus assem 
bled in metal or other opaque cases where the relative 
position of parts cannot be seen after assembly. 

There is no such thing as a perfect material or a 
faultless workman; hence, an inspection department. It 
is only possible to accept such material as is amply 
suitable for the purpose intended. A certain allowances 
or tolerance must always be made and the apparatus 
designed accordingly. For example, commercial electric 
motors are so designed and made that they will carry a 
10% overload continuously or a 50% or perhaps 100% 
overload for a certain short time, without damage to the 
machine. All things requiring strength are built with a 
factor of safety. A bridge with a factor of safety of 5 
will carry a load 5 times as great as it is ever expected 
to carry. These things are fundamental. Every metal 
casting is expected to (and does) have some gas pockets, 
sand inclusions, shrinkages, etc. All lumber has some 
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knots, season cracks, shake, 
wane, etc. The only question 
is how much of any or all of 
these defects can be allowed. 
In every casting there are 
some parts where defects 
must not occur and other 
parts where it is amply strong 
made so for other reasons) 
and therefore can stand quite 
large defects without detri 
ment to the purpose intended. 
By changing the foundry 
technique defects can be either 
eliminated or made to occur 
only where they will do no 
harm. Perhaps they can be 
driven into the risers or gates, 
for such parts are cut off be 
fore the castings are used. 

[t is not commercially prac 
tical, necessary, or advisable 
to x-ray all castings. It is 
well known that if a correct 
foundry technique is once es 
tablished and maintained, suit 
able castings will be produced. 
When difficulty is experienced by arrows. 
in making a suitable casting 
from any pattern, sample 
castings are x-rayed. It is always found that the defects 
are similar in all samples. The foundry technique is 
then changed and more samples x-rayed. This is con 
tinued until suitable castings are obtained and the new 
foundry technique established. Thereafter, occasional 
castings are taken from production and x-rayed to see 
that the practice continues to bring satisfactory results. 

An example of this procedure is shown in the radio 
graph of a gear blank (Fig. 3, left) in which flaws oc- 
curred in the rim of the wheel where the gear teeth are 
cut and were of such a nature that the teeth were ab- 
normally weakened. The first samples showed the faults 
in the same location on each of five. A special melt of 
metal produced five superior samples. A third lot of 
samples made from standard metal to which had been 





Fig. 3. Radiographs of gear blanks, about VY, size. LEFT—Original type of casting showing gas 
pockets. RIGHT—Casting of lot wherein foundry technique was corrected to produce a better product. 
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Fig. 2. Actual-size section of a 14” x 17” radiograph of silver-impreg- 
nated carbon contacts. Note a few of the defective contacts indicated 
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Are and acetylene wi 
seams, while of utm 
tance, have too often bee: 
scribed in published 


to need further att 
Another form of weld, kn 
as butt or pressure weld 
not been so often 

A certain type of rod 
important part—it id 
one piece was very expensive to manufactur 
could be made of two pieces of different size rod 
together, it could be made at much less cost and 
we thought, be quite as strong as when mad 
piece. We made a lot and x-rayed them, changed 
forging technique a few times, x-raying succes 

and finally our presentation of the radiograp! 
(Fig. 4) was rewarded by the pleasure of our « 


Bakelite insulation into which are molded metal part 


provides a fertile field for x-ray examination. 1 
before molding is a fine powder made of fin 


vegetable fibre and synthetic resins. Under the infl 


of heat and pressure it is transformed first into a se 
liquid and then into an inert solid. It is, therefore, eas 


penetrated by the rays so that the metal parts s 
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Fig. 4. Radiograph of butt welds, about 
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mold outside the Bakelite but, when the 
Bakelite starts to flow, pressure tends to 
move or to distort the metal parts in the 
mold. If heat and pressure are applied 
in the correct manner, no distortion oc- 
curs. It is to determine this method that 
such parts are x-rayed when first molded 
and periodically thereafter to have defi 
nite evidence that the established routine 
is proving continuously satisfactory. 

Many mechanisms are assembled’ and 
permanently housed in metal cases. It 
sometimes is advisable to determine the 
actual relative positions of the parts in 
a closed case (Fig. 7). This can often be 
shown quite clearly by x-rays, especially 
if stereoradiographs are made. 

Wound wire resistance units (Fig. 8) 
are sometimes permanently molded in 
ceramic or other opaque materials. X-rays 
make possible the easy and accurate in 
spection of such parts. Manufacturers of 
electronic devices similar to those used in 
radio receivers seem to have a penchant 
fer making the glass enclosing tubes 
dpaque by various methods. In planning 
new designs or seeking new sources of 
supply it often is desirable to know the 
exact relative location of their hidden 
parts without destruction of the device. 
This is easily and accurately accom 
plished by x-ray examination. 

Industrial radiography does not always 
require the same delicate or artistic 
touch, perhaps, as medical radiography, 
yet the same principles apply. We all 
“shoot” for the parts we want to see. 
The radiologist uses a differ- 
ent technique for bony struc- 
ture than for soft tissues in 
the,same part, e.g., for the 
ribs and for the lungs. We 
have the same problem with 
metallic inserts in molded 
Bakelite. We may want to de 
termine the location or condi- 
tion of the metal parts or to 
know whether the Bakelite is 
Properly cured in the mold. 


in sharp relief in the radiograph. In the Bakelite blocks 
shown in Fig. 5, the metal parts are held rigidly in the 


Fig. 5. Radiographs of 
molded Bakelite with 
metal inserts, about 4/5 
size. Note the distorted 
inserts indicated by ar- 
rows. A correction in 
molding technique elim- 
inated the distortion. 





Fig. 7. Radiograph (1% size) of door 


of metal mechanism case; one of latch- 


es, too long, prevents proper closing. 





Fig. 8. Radiograph (2/3 size) of enclosed wire wound resistance unit 
with porcelain core. Unit is enclosed in a metal sheath. Arrow indicates 
poor spacing of wires which alters resistance value. 





Fig. 6. TOP—Radio- 
graph (about 2/3 size) 
of molded Bakelite block 
with inserts. Note por- 
ous regions due to im 
proper curing which de 
stroys insulating value 


BOTTOM — Photograph 
of same specimen sec 
tloned to show porosi- 
ties revealed in radio 
graph. 





= 


If it is not sufficiently cured, it will contain porous spots 


(Fig. 6) that absorb moisture and change it from an 


insulator to a conductor of electricity 

The radiologist must consider mobility, 
dosage, and the comfort of the patient. 
We may have to consider an idle section 
of the shop, and men out of work, or a 
delayed shipment of important material 
The radiologist must produce a beautiful 
radiograph to suit the requirements of an 


We must tell 


whether the material is suitable for the 


overwrought surgeon. 
purpose intended and prove it by th 
radiograph. 

The current used in any exposure is 
usually limited by the capacity of the 
tube and the length of exposures. At 5 
milliamperes the target of our “deep 
therapy” tube runs at white heat on all 
but the lighter exposures, Distances are 
determined in the same way and for t'v 
same reasons as in medical radiographiy. 
We usually use 30” for 8” x 10” films 
and 42” for 14” x 17” 


l 
° mat? 
material and 72° f 


”, 


films for solid 
or ste reoscople views 
and thick, easily penetrated objects. The 
radiologist’s voltages run from 35 to per 
haps 100 Kvy.P., ours from 50 to 200 
Kv.P. or higher if the work requires it 
and if we can afford the more expensive 
outfit (300 Kv.P. seems to be the present 
practical limit). 

The main difference in technique comes 
in the time factor. Whereas the radiolo 
gist may use from 1/20th to 5 seconds, 
some of our exposures may in extreme 
cases run 45 minutes or even longer. Most 
exposures on metals are arbitrarily set 
at 5 minutes, 5 milliamperes, and 30’ 
with the voltage as low as 
possible to get through the 
material. There is a greater 
variation in the density or 
penetrability of materials of 
the “patient” in industrial 
work than in the case of hu 
man beings. In medical radi 
ography the extremes are 
bones and soft tissues. Our 
gamut runs from soft wood to 
rolled bars or plates of steel] 
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Fig. 9. Radiograph (14 
size) of a casting having 
1,” grooves on one side, 
12” ribs on the other, and 
bosses 24” thick on the 
corners. Note uniform den- 
sity of the radiograph, and 
defects at corners of cast- 
ing as indicated by arrows. 


alloved with tungsten, chromium 
or other semi-rare metals. 

The difference in technique be- 
tween these extremes is very great. 
We must consider many metals of 





different density and thickness. 
Defects no greater than 2% of the 
thickness, as required by United 
States Government specifications for boiler plate, can 
be shown. We also have materials of the same or 
different densities and of much different thickness in 
the same exposure. For example, we had one iron 
casting (Fig. 9) slightly larger than a 14” x 17” 
film, having grooves and ribs 14” deep running across 
the plate in both directions on both sides of the plate 








The fi 
tion, 4 


so that there were five different thicknesses, 14”, 1” yariou: 

114,”, 2, and 214”. We finally showed this all in one ards, } 

exposure by immersing the casting in a solution which ture 

was slightly more radioparent than the casting. standa 
Another job (this word is used advisedly) requiring “a 
nearly two hundred exposures on 6” x 17” films was ail 
that of cast steel beams weighing 350 lbs. each. In serv 
. : ioe 
service these beams were repeatedly subjected to ly up 
ne 
severe and frequent shocks, and were breaking after wi 
ans » fr 

only short usage. The breaks occurred at four sepa ” 

Bid ’ al Di ergena marr pe As sti 

rate points on each beam. X-ray examination of simi nitial 

; a 

lar beams in stock showed hidden shrinkage cracks ar 

; stail 

at one or more of the four points on all beams. A Be t 

ounts 

complete new set of beams was ordered and all of them = ti 

. ' practi 

x-rayed. Each radiograph was numbered consecutively A t f 
1a 

and a corresponding number stamped on the beam. t | 

' , ie us 
When the radiographs were finished, the defects were 4 : 

. ad ry’ ° . y oO eS 
plainly marked on each film. Then, each was laid on kerf. When a number of these welds were again x-ray: ris : 
the corresponding beam, and the location and extent of the radiographs showed the material in the welds to a 

‘ mu 
the hidden crack marked on the beam. An oxyacetylene quite as good as the surrounding metal. These bea len : 

2 “ nd ° : : aepe 
cutting torch was then used to cut a wide kerf through have been in service for a vear and a half and no co sa 
the hidden crack longitudinally—to literally cut out the plaints have been heard about them. This was a rat! the ch 

. . . . . . . . . € ¥ 
defect—and relieve the cooling strains in the remaining expensive job but not nearly so costly as the loss the ius 
. . . . bs - . € 
metal. A welding torch was next employed to fill in this valued customer. + 
strum: 
as hig 
of the 
LETTERS TO THE EDITOR of 
tomed 
. wu " oul dering better and cheaper service; but rather on buildi 
But Chains aren't Framed," Mr. Keith: on 7 eee eoeaper services but rather on building torque 
“s “ az nn plex chains of holding companies and unloading the 

Most are "Forged" and even "Welded stock to the public. ia “ 
To the Editor: Ihese legalistic devices are ingenious, but their instru 

} ™ oie nt = . ; terms of service is not only zero, but negative. I belie much 
tic mao Sie” “gat ioe ‘ly fle good material lately. I par without unduly stressing our imaginations—most of us engine Lesiit 
ticu arty ; re my : ry Sundt and “a in the on could visualize what might be achieved in terms of huma _ . 
re = f ullowa gh ie curre nt issue. Your own editorials fort and happiness if the tremendous ingenuity that has ¢ use, 1 
“ ri M put? camel y ut . year ago you ran some rather into the framing of holding company chains had been us¢ In, pr 
caustic criticisms of the Administration. Now, in your Sept. stead in the noble task of rendering a real public servic the f 
editorial, you reiterate not only some of your excellent old Ithaca. N. Y. Samaer. W. Ks 
statements but also some of your knocks. I agree of course Sept. 22, 1934 Dscanvch | must 
with the paragraph quoting your Aug. 1933 protest against short 
vi ph quoting g 
firing research workers from the Bureau of Standards. I am permi 
somewhat dubious about the paragraph following, reprinting Brief Bouquets for B & = keep 1 
your Sept. 1933 attack. 

In a broad way, I believe that such agencies as the NRA and ; I’m very much interested in the serial by B stand. 
the AAA have been quite successful in hitting at the root of Béhar on measuring instruments. . .. Better than n greate 
serious social problems; and although I readily admit that by at least a mile. + lower 
these agencies are not as well run as they might; at least I Philadelphia Electric Company Conrap M. Sparks Ma 
believe that the AAA has saved us from a Civil War. fact 

This last statement may seem surprising to some, but | ‘ ” 
happen to have gone through three different South American —and for the rest COmaM 
revolutions and I believe I know how bad things must get in ... Your magazine has a wealth of interesting and t 
order that some people may start throwing bombs at others. information—just what I want. It 

I also disagree with your implied criticism of the present 3712 San Pablo Ave., F. J. AHRENS, a def 
Government experiments along the lines of electric rates. Of Oakland, California Electrical F vel 
course, we could not have “free electricity, free gas, free rides,” se ig 
but I am afraid that in the case of the electric utilities, most From the beginning I have been an enthusia millin 
of the trouble is due to the fact that in the past their admin- of your magazine. less t 


istrative policies have been dominated by lawyers; and that the 
emphasis has not been on technical improvement and on ren- 
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Orro A. Knopp, (/ 
Bureau of T+ ats & 


Pacific Gas and Electric Co. 
Emeryville, Calif. 
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ITH so many intangible factors involved, the 
measurement of relative performance in mod- 
ern electrical instruments is a difficult problem. 
The first requirement, of course, is accuracy in calibra 
tion, and fairly wet! established standards prevail for 
various types of instruments such as laboratory stand 
ards, portables, and switchboard instruments. ‘Tempera 
ture errors, scale errors and unbalance likewise are well 
standardized and readily measured. But for determining 
serviceability no such standardized methods or design 
criteria are available. 
Serviceability depends large- 
ly upon the ability of the in- 
strument to give indications that 
are free from friction errors. 
As stated by Brooks’, “while 
initial accuracy is important, 
sustained accuracy is what 
counts in the long run.” For 
practical purposes this means 
that friction effects in service 
must be so small that friction 
does not influence readings. It 
thus is apparent that the maxi- 


s S 
T a 


oS 


FRICTION TORQUE-MM-GR. «107% 
z yn 


~ 


nad mum permissible friction torque ol [ | 
bea : 0 / 2 3 
depends upon the manner in 
shane which the instrument is read, 
he 
— the character of the scale, and 
Ss ot 


the pointer length as well. 

In reading switchboard in- 
struments (having an accuracy of 2%) friction effects 
as high as 0.25% of full scale introduce no error because 
of the width of the spade target and the small number 
of scale divisions. However, instrument users are accus 
tomed to much smaller friction effects, so that a friction 
torque producing less than 0.1% of full-scale deflection 
is expected even in switchboard instruments. In portable 
lhe instruments (read with much greater care and precision) 
much less friction is tolerable. Since it is desirable to 
= keep friction so small as to be unobservable in ordinary 
$ gor use, friction effects must be equivalent to less than 0.01 
ed in in, pointer deflection. Obviously, with a long pointer, 
the friction torque corresponding to 0.01 in. deflection 
must be smaller than for the same instrument with a 
short pointer. Similarly, longer scales call for a smaller 
permissible friction torque or higher spring torque to 
keep friction effects unobservable. Finally, for laboratory 
standards with vernier-type scales that can be read with 
greater precision, limits for permissible friction are still 
lower. 

Maximum allowable friction torque as a serviceability 
factor in electrical instruments must therefore take into 
consideration the minimum observable pointer deflection 
and the scale length. 

It has long been recognized that pivot friction bears 
a definite relation to movement weight. Nearly thirty 
years ago Janus’ suggested that the ratio of torque in 
willimeter grams to the weight in grams should not be 
less than 1.7. MacGahan* considered 1.5 to be the mini- 


Asst. Editor, Product Engineering, New York. 
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ELEMENT WEIGHT - Geams 


For exponents of both 4/3 and 3/2 calculated friction torque dif- 
fers but little for light-weight elements. 


erit Factor for Measuring Serviceability 
of Electrical Indicating Instruments 


By R. W. CARSON* 


mum value for switchboard instruments 23 years ago. 
Edgcumbe* in his first edition (1908) did not mention 
torque-weight ratios, but in his second edition (1918 
differentiated between classes of instruments, giving 
values of 0.5 for portable instruments and 1.0 for switch 
board instruments. At this time, torque-weight ratios 
were thought to be comparatively simple for Edgeumb: 
states that “the minimum satisfactory torque depends, 
other things being equal, upon the weight.” 
Brooks” was the first writer to observe that the ratio 
should vary with the weight: 
“As the weight on the pivots is 


} reduced, the value of the 
rd torque-weight ratio may be low 
oe er for a given frictional error.” 


Keinath’ a year later suggested 
that the weight factor in this 
ratio should be raised to a pow 
er greater than 1 but less than 
2, a power of 1.5 being approx 
imately correct. Two years 
later, Brooks’ pointed out that 
the simple ratio between torque 
and weight fails because “‘the 
| | use of the simple ratio is based 
. . of . on the incorrect assumption that 
the area of the pivot in contact 
with the jewel is independent 
of the weight, whereas it must 
necessarily increase with the 
weight.” Then Fichter” reached the conclusion that the 
exponent should be 4/3 rather than Keinath’s 1.5 value. 

More recent articles on this torque-weight ratio have 
presented analytical methods of arriving at the weight 
exponent, taking into consideration the elastic deforma 
tion of the pivot. Lenehan and MacGahan” in 1929 pr 
sented an equation for friction torque with an exponent 
of 4/3, assuming that the entire elastic deformation oc 
curred in the pivot. These authors likewise show that 
for horizontal pivots the radius of the pivot has little 
effect on the mean friction radius, and that the exponent 
of the weight is unity. Stott’ presented a mathematical 
analysis of the effect of pivot deformation on friction 
torque. For purely elastic deformation with contact pres 
sure a maximum at the center of contact, uniformly 
falling to zero at the edge, he also arrives at an exponent 
of 4/3, assuming that all the deformation occurs in the 
steel pivot. Stott’s work goes still further: in evaluating 
the maximum load that a pivot of a given radius will 
support without permanent deformation, and in obtaining 
a relation for pivot friction that apparently checks well 
in practice. 

As demonstrated by Stott, only the weight of a moving 
element influences the amount of friction when the mini 
mum safe pivot radius is selected for each instrument. 
Thus, for a given vertical-pivot element, there is a 
minimum friction torque that can be obtained without 
permanent deformation of the pivot. However, most 
instruments must be designed for use under conditions 
of vibration or accidental overload, and it is recognized 
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that this minimum friction can only be approached in 
practice. 

In a recent article Goss'’ holds that flattening of the 
end of a vertical pivot is likely to occur either through 
vibration or wear, the exponent of the weight becoming 
3/2. Edgcumbe and Ockenden’~ also state that an ex 
ponent of 3/2 is confirmed by experience. However, the 





example that a laboratory standard instru 
12-in. scale can be read with an accuracy 
and that friction must produce a deflection 
than 1/3 this amount, or 0.002 in. The sp 
therefore must be 6000 times the friction to; 
Stott’s relation for the friction torque, thy 
spring torque in mm.g. is, 


practical difference in the calculated friction using the T = 0.000062 W4/3 & 6000 = 0.372 II M 
two exponents is small for vertical elements weighing or T/W4/8 = 0.372 4 
from 1 to 5 grams, as shown in the accompanying curve. But if the scale length of this instrument a 
Because of the difference between their torque weight by reducing the pointer length, the full s § oa 
relations, horizontal pivot instruments cannot be com torque can be decreased in the same proport wed 
pared with vertical pivot types on the basis of weight instrument will have the same magnitud ting 
alone. No correlation can be made between the two types effect. Therefore, for a scale one-half as long : the 
without considering pivot radius, flank angle, jewel mum ratio of 7'/W*" is 0.185. sie 
contour and end play as well as element weight. For These constants imply that the pivot frict ‘Th 
vertical-pivot instruments, however, friction depends unaltered throughout the life of the instrument. 2 dn ie 
only on element weight if the smallest practical pivot operate satisfactorily over long periods of wal 
radius is used in the design of the instrument, assuming strument must be designed so that increased f Latter 
that all the load is carried by one jewel. Under these sulting from pivot wear and accidental flatt nated 
conditions the pivot friction F' in millimeter-grams torque does not prevent accurate readings. Therefor Jee 
in terms of the weight W in grams is given by Stott as the actual torque-to-weight ratio but th may | 
F 0.000062 W* safety used in the design that is an important bridg 
For instruments with pivots of too small a radius Stott of relative serviceability or the ability of the in ne ¢ 
shows that the area of contact between pivot and jewe! to deliver “sustained accuracy.” This factor of ser forme 
will increase directly with the load. The torque-weight ability can be found for any instrument by comp aan 
relation then carries the exponent of 3/2 for the weight. its value of 7/W*” with the constants given in S  inclu 
If the pivot is flattened by wear or overload, then for accompanying table. These constants are calculated om 9 
subsequent use the radius of contact remains constant, in the examples given above, on the basis of frict 
and the weight exponent is 1. torque equal to the given minimum pointer deflectior pe 
Thus there are three possible relations between the still assuming that the smallest practical pivot rad W 
friction torque and element weight, depending only on is used in the design. B pur 
the pivot radius: The use of a pivot radius larger than the minin S  scircul 
(1) For pivots subjected only to elastic deformation the re although providing additional load carrying cap y= that 
lation is, F =k W4/3 increases the friction torque, thus calling for a larg carry 
(2) For increasing loads producing permanent deformation, margin of safety over the constant given in the tal p §=curre 
F=kw* The best compromise between these two divergent r ; termi 
(3) For pivots having a large area of contact produced by quirements is given by Stott. For pivots made of hard » §6only 
wear or overload, I ku : “ : ie , 
- os wm ; ened, high-carbon steel, the radius R in inches vai since 
As summarized by Stott, “The recognition of these with the square root of the element weight JV in grams resist 
possibilities renders understandable the conflict of views according to the following relation, R —0.0005\ Ii colati 
hitherto existing. The result of practical importance is This pivot radius, as explained by Stott, “is the mi Sits te 
that when only elastic deformation occurs—and_ this mum radius for a pivot of hardened Stubbs (1% carbor fF to th 
should be assured in the design of the instrument—the steel in order that it may support a given load withou yy 


friction increases as the 4/3 power of the load.” 
Applying the first relation to a portable instrument 
having an element weighing 4 g., if the minimum pivot 


suffering permanent deformation.” The relatior 

above assumes that the jewel radius is large com) 

hire <4 ' to the pivot radius, but no correction is needed if t 

radius is used, the friction torque is, ers A 

BF 0.000062 x 44 5 
0.0004 millimeter-grams 


jewel radius is more than 10 to 20 times the pivo 
Only when the optimum pivot radius is used for 
element weight does the torque-to-weight ratio ir 


if this amount of friction is to produce less than 0.005 the effect of pivot friction on the performanc: 





in. pointe ‘flection on a seale 6 in. long, the spring . ‘ . . 
n. pointer deflection on 1 scale ; long _- cal-pivot instruments; and for this reason the torq 

> ‘ale re > : 200 ).000 ‘ . “oe ‘ 
torque for full sc ale must e more t lan ] ; ( 4 weight ratio alone cannot be used as a “factor of mer TI 
or 0.48 mm.g. The minimum ratio of spring torque 7 

. Ad 74/3 . ° ° repre 

to the element weight (7'/H4 ) for this example is REFERENCES 

: a ' rage : curre 
0.48 6.3 or 0.076. If the pointer for this instrument is 1Brooks. Accuracy of Commercial Electrical Measure: ’ 

' , . a Transactions, Vol. 39, Part I, 1920, page 496 ’ P71 
shortened until the scale is reduced to a length of 4 in., Wenn Miictechachealate Lotlschetlt, Vel. 28. 1905. vas er 
the constant for the torque-weight ratio becomes 0.051, 8MacGahan. Modern Tendencies in the Design of Sw 

_ . + ie } ; struments. Electric Journal, Vol. 8, 1911, page 1100 porti 
while for a scale ength of 8 in. the constant is 0.101, 4Edgcumbe. Industrial Electrical Measuring Instrumet by m 
assuming in each instance that friction produces a trand, 2nd ed., 1918, page 36. é 

. ; . i 5Brooks. Accuracy of Commercial Electrical Measurement distal 
pointer deflection of 0.005 in. Transactions, Vol. 39, Part I, 1920, pages 496-53¢ A an 

Or the minimum torque-to-weight ratio may be ob- as memmath. Der Technik der Electrischen Messgerate, +c eh 

. 2 = ¥ unich, Ist ed., 192 0 ¢ 

tained without reference to element weight. Assume for TBrooks. Standardization of Electrical Measuring Instru1 mat 

Transactions, Vol. 42, 1923, page 898. vr 

Minimum Constants for the Torque-to-Weight Ratio T k Wi 8Fichter. Revue Générale de Il’Electricité, Vol. 15, 1 the P 
9Lenehan & MacGahan. Indicating Instrument Quality 

Max. pivot i nal, Vol. 26, Nov. 1929, pages 520-523 *Te1 

, , friction Le inter Value of k for poe ae h of— 10Stott. An Investigation of Problems Relating to the | and C 

Type of Instrument deflection 4 in om n 12 in ind Jewels in Instruments and Meters. Collected Resear page J 

Laboratory standard Physical Laboratory, Vol. 24, 1931, Paper No. 1 lished 

(vernier scale) 0.002 in 0.185 0.252 0.372 11Goss. Mechanical Factor of Merit with Respect to Elect final 1 

Precision portable 0.005 In 0.051 0.076 0.101 0.152 ments. General Electric Review, Vol. 36, 1933, pages 188 assure 

Portable 0.01 in 0.025 0.638 0.051 12Edgcumbe & Ockenden. Industrial Electrical Measuring any ot 

Horizontal switchboard 0.02 in 0.019 0.025 0.038 Pitman & Sons, 1933, page 44. 7 Me 
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Potentiometers: 


By PERRY A. BORDEN} and M. F. BEHAR** 


|, Electrical Balance 
Measurement of current, voltage or power is usually performed by opposing 


ind balancing a proportional effect by a conveniently measurable force. In 
most instruments thus far discussed the opposing force was mechanical, the 
reaction of a spring or a weight either (a) increasing with deflection of the 


moving part due to electrical or electromagnetic forces, as in most direct-indi 
-ating instruments, or (b) subject to adjustment from an external source— as 
in the Kelvin balance—until the electrical forces are balanced and the moving 
element returns to a zero or neutral position. 

There will now be discussed two important classes of instruments in which 
the electrical magnitude under measurement is opposed by another electrical 
magnitude of the same class, and a determination made of the value of the 
latter. Such instruments have a wide application in industry, and for some 
purposes possess advantages not shared by the direct-indicating instruments 
Devices operating on the principle of electrical balance embody circuits which 
may be said to fall into one or other of two classes: the potentiometer and the 
bridge. Between these basic circuits there can hardly be said to exist a definite 
line of distinction; but, aside from the essential purposes of the two—the 
former for measuring potential differences, and the latter for determining re 
sistance values—there is a characteristic difference: The potentiometer circuit 
includes at least two sources of electromotive force, while seldom more than 
one source is present in the bridge circuit. 


2. The Potentiometer Circuit 

While the potentiometer has appeared in many forms and is used for many 
purposes where the measurement of potential differences may be applied, its 
circuit is based on the most elementary principle of current flow—-Ohm’s law 
that the drop or gradient of potential along a circuit having resistance and 
carrying a current is definitely related to the resistance value. If a definite 
current flow in a circuit of definite resistance there will exist between the 
terminals of that circuit a definite difference of potential. This holds good not 
only for a complete circuit, but for any selected portion of the circuit; and, 
since with a given value of current the potential difference will vary as the 
resistance between the points of reference, it follows that by determining the 
relative proportionality of resistance values in elements of the circuit between 
its terminals, the potentials across those elements will bear to each other and 
to the total potential difference exactly the same ratios as do the resistance 
values. 


| | I I wy 
| E-—G- at Fig. 38-1 


The elementary circuit of a potentiometer is shown in Fig. 38-1, where AB 
represents a uniform-resistance wire forming part of a circuit supplied with 
current from a battery C. Now, if the potential across the terminals AB 
be given a definite value, it follows that the potential across any portion of 
the wire will bear to the total potential the same relation as the length of that 
portion does to the whole wire. Thus, if the current in the circuit be adjusted 
by means of R till the potential difference between A and B is 1 volt, and the 
distance AD be %4 the length of the wire, then the potential difference between 
A and D will be 0.75 volt. Since any current drawn from point D would tend 
to disturb the uniformity of, flow in the wire, it is necessary that such current 
be reduced to zero at the time of measurement. Thus, a voltmeter tapped off 
the potentiometer wire would not give a true indication of voltage conditions 


























Tenth chapter (XXXVIII) of Part Seven (Handbook of Industrial Electrical Measurements 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this series on 
page A7 of November 1933 Instruments. A complete chapter of this new handbook will be pub 
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A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
andair to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- "fae 

tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 





RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. 








Fluid Meter 


—CONTROLS— 


COMBUSTION control to main- 

—— tain steam pres- 
sure and com- 
bustion economy. 





SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 
sure, temperature 
and other factors. 





Control Panel 


—REGULATORS— 





FEED WATER regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 








Complete information on 
any of the above Bailey 
products will be gladly furnished upon request. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 


Regulating Valve 
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"AUTOS YN* 


Self-Synchronizing Motor 





As Remote Indicating medi- 


ums in connection with... 


TEMPERATURE... 








And hundreds of applications where 
Remote Indications are desired. 
¢ Operates 32 volts A. C., 60 cycles, 
single phase ¢ Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 


Pioneer Instrument Company Incorporated 
BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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, depends only upon that of the standard cell. It will be noted, 





associated with measurement according to the potentiometer 
order for the device to function in its true manner it is necessa 

voltage under measurement be balanced against the potential dro; 

slide wire, the condition of true balance being detected by a 

introduced between the two sources of potential. Thus, in Fig. 38-1 

resents a voltage to be measured and G a galvanometer in circuit 

side of E, and a sliding contact D on the wire AB, the other sid ccu 

connected to the point A, it is obvious, if D be moved along A) til + { In 

galvanometer shows no deflection, that then, and only then, will + 

E, be equal to that of AD. Under this condition, if the total slide 4 

be known, a determination of the voltage E, rests in a determina ; rp 

length of AD relative to that of AB—a linear measurement wi! B For ex 
made with any desired degree of precision t 


! Wie Rin 7 * 
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Fig. 38-3. Diagram of the circuit of a decidedly hypothetical potentiometer. See text hel 
: L i 
Adjustment of the slide-wire current can be made to the same d | chown 
exactitude as voltage measurement; and the usual way of accomp! t nas 
will be understood by reference to Figs. 38-2 and -3. The ultimate standar tre 
reference in such work is usually a standard cell, as recommended by | . 
national Electrotechnical Commission. On the potentiometer circuit ,— 
two points between which the potential difference with the correct The 
current flowing will be equal to that of the standard cell. In Fig. 38 lange 
these points is the terminal A of the slide wire, the other is F et 
these points are M and N. The standard-cell voltage is then opposed to that ell. 
portion of the battery voltage through a galvanometer G, in a mant met 
to that outlined above; and instead of shifting the tap F in Fig. 38-2 (or M 0 Vv 
N in Fig. 38-3) to balance the system, the current in the slide wire 1 t mm 
by means of a rheostat R until the galvanometer deflection is reduced t ater 
at which time the potential across any portion of the circuit—across tl 1 the 
wire or across any calibrated division of it—will be known to have t! vork¢ 
value as a standard of comparison. we 
From the above it will be seen that the accuracy of a (manually a 
potentiometer is not dependent upon the action of mechanisms, but 'E. 
the adjustment and permanence of resistors; and since the productior he 
tance materials has reached a high state of refinement and resistance ' re 
be measured to almost any desired degree of precision, the ultimat: Be 


knowledge of the actual values of the resistances in a potentiomet 








vl OF 





y, precision depending only upon the relative values of different sec 
6, even though the wire forming a potentiometer circuit may have an 


port ble temperature coefficient, so long as all parts of the circuit change 
heir values in the same proportion the accuracy of the instrument is not 
snaired. There is no doubt that of all industrial electrical instruments the 
-otentiometer is intrinsically the most sensitive, the most precise and the most 
oo 


In actual instruments various simple switch or key devices make it possible 
se a single galvanometer for all balancing purposes. One such arrangement 
« shown in Fig. 38-3. This is not the diagram of an actual make: its main 
ourp’ se is to show a circuit differing from that of Fig. 38-2 in several respects 
For example, the standard-cell circuit has in common with the measuring circuit 
»n extremely small portion: the portion MB of the slide wire; and (as implied 

, the preceding paragraph) these two circuits need not have in common any 
resistors or slide wires or portions thereof 

The simplest form of potentiometer consists in a single slide wire stretched 
alone a uniformly divided scale, as in Fig. 38-2; and even with such a piece of 
equipment, readily constructed, and costing but a few cents, potential measure 
ments can be made with surprising precision. In the development of the poten 
tiometer into a complete instrument, the first step lies in the embodiment of the 
principal part of the resistance in standardized coils, which may be selected by 
means of a plug or dial-switch system, leaving a relatively small part of the 
total resistance to be included in the slide-wire proper. In the use of such a 
form of potentiometer a voltage approximating that to be measured is set up 
n the dial switch, and the final reading is obtained on the slide wire, which 
may be subdivided to a high degree of precision. Potentiometers with only one 
calibrated resistance in the form of a slide wire (Fig. 38-2) are chiefly made 
ip for schools. There is a practical limit in the other direction, too, as will 
appear from a comparison of Figs. 38-2 and The former represents a poten 
tiometer with a range of one volt, all on a slide wire graduated in hundredths 
ind readable to, say, 2 millivolts. The latter shows a potentiometer with a 
range of 10.001 volts, with 0.0001-volt graduations, readable to, say, a fiftieth 
of a millivolt. The degree of precision of the former is lower, that of the latter 
is somewhat higher, than found in commercial potentiometers. As a matter of 
fact the combination of calibrated resistors sketched in the latter is as rare in 
commercial practice as is a ten-inch machinist’s micrometer scaled in ten-thou 
sandths and readable to a fifty-thousandth; and this combination, moreover, if 
made up with inferior quality resistors, would be as much of an absurdity as a 
machinist’s micrometer with a main frame made of lead and a vernier reading 
to fifty thousandths. 

The slide wire may take any one of a number of forms. It may be straight 
or may form a single circle associated with a dial-type scale, in which either 
the slide wire itself may be rotated or a movable contactor caused to slide over 
its surface. In some cases the slide wire is formed into a helix, and arranged so 
that the contactor may make several revolutions, its engagement with the proper 
turn of the helix being assured by a feed screw. In some instruments the wire 
s helically and closely wound on an insulated wire core, and that core formed 
into a circle or a helix. Most of these varieties of slide wire arrangements are 
shown in the specific instruments described in Sections 4 to 7. (Note. Only 
manually balanced potentiometers are dealt with in this chapter; self-balancing 
instruments in Chapter XL.) 


Standard Cells 

The foregoing has made it plain that the potentiometer circuit is a transfe 
tandard, the calibration of which—in terms of potential differences between 
given points—depends on adjusting the supply current by the use of a standard 
cell. No matter what its degree of precision may be, the accuracy of a poten 
tiometer cannot be better than that of the reference standard which is employed 
to give it a definite scale. Fortunately, standard cells of adequate constancy are 
commercially available. These are small galvanic cells carefully constructed with 
materials of high purity. The cadmium cell invented by Dr. Weston in 1892, 
in the H form due to Rayleigh, has been developed and refined by various 
workers until it has become the International Practical Standard for the physi 
cal embodiment of the International Volt, the value assigned to the e.m.f. of 
the “Weston Normal” cell at any temperature T°C. being given by the for 
mula 

E,= 1.0183 — 0.000,0406 (T 20) — 0.000,000,95 (T — 20)*. 
which we reproduce without the negligible cubic term. It is important to bear 
in mind that the reference voltage of a standard cell is always the “open 
circuit” voltage, i.e., the potential difference between its terminals at the time 
no current is flowing in it, so that it is only by a potentiometric method that 
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American Meter Company laboratory wet 
test meters are built for extreme accuracy, 
strength, durability, mon-corrosion of all 
parts subject to the action of gas, and facil 
ity of handling and adjustment. They are 
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ANDEES 


Recording Gas Gravitometer 





A direct-weighing instrument of demon- 
strated accuracy and reliability, producing 
a temperature-compensated record of spe 
cific gravity of gas from a continuously 
flowing sample. Indispensable in the ac 
curate measurement of large volumes and 
as a record of heat values. 


Produced in the Laboratory of 


GEORGE SYDNEY BINCKLEY C. E. 


857 SOUTH SAN PEDRO ST., LOS ANGELES, CALIF. 








The KURMAN 
MAGNETIC 
INSPECTOR 


A testing device for both produc- 
tion bench and laboratory. Gives 
direct indication of such properties 





as magnetic uniform- 
ity on raw and heat 
treated magnetic ma- 
terials, in cold worked form. A 
rapid direct indicator of shorted 
turns, and number of turns in coils. 
Can be placed in the hands of any 
operator able to read a meter. 


PHOTOELECTRIC APPLICATIONS 


There has been prepared for you a 
bulletin describing photoelectric 
circuits and auxiliary apparatus as 
a guide to those interested in pro- 
viding economical and rugged light 
controlled apparatus. Bulletin R-5. 


THE KURMAN ELECTRIC COMPANY 


243 LAFAYETTE ST NEW YORK CITY 
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Fig. 38-4. Weston Elec. Instr. Co.’s standard suirsre 
cell, without case. l1—wax; 2—cork; 3—CdS0, 
solution; 4—Hg.S0,; 5—mercury; 6, 6—platinum 
wires; 7—cadmium amalgam; 8—packing; 9—por- 
celain retainers 10—glass receptacle; 11—cover. 


MERCURY —>PT 


Fig. 38-5. Eppley Laboratory’s standard cei without 
case. 

this voltage may be utilized as a standard (or determined). A volt: 
not correctly read the open-circuit voltage of a cell; and in no cas 
current in excess of a few milliamperes be allowed to flow throug 
Dr. Eppley’s A.I.E.E. paper* may be consulted for details on this sul 
fact that there are in this country two firms supplying standard cells 
38-4 and -5) may be the reason why American-made standard cells ar 
to the average imported article. The portable “laboratory standard 
certified to 0.01%; the (non-portable) “primary standards” are rep: 
to five or ten microvolts. Portable cells are the ones recommended for 
work, as they can be sent to the Bureau of Standards every year o1 
certification. For ordinary work at room temperature with a cell that | 
been abused, no adjustments or corrections are necessary; for accurat 
to the fourth decimal—it is necessary to adjust precisely the ohmic valu 
standard-cell circuit that serves as a base for all the rest, and in actual 
tiometers special provisions are made for this purpose. 


3. Extending the Range 
(a) Potential Dividers 

It is apparent that the maximum electromotive force which can hi 
by a potentiometer will be less than that of the supply to its workin 
and in general it may be said that standard types of potentiometers do 1 
a range in excess of 2 volts, though some of them may be used wit! 
potentials as high as 20 volts. Where higher voltages are to be measur 
usually accomplished by use of a potential divider or volt-box. This 
a high resistance suited to be directly connected across the termi 
circuit to be measured, and having one or more taps taken off at 
points between its terminals. With a voltage applied to the volt-box, t! 
tial between the tapped points, so long as no current is drawn, will | 
same ratio to the whole voltage as the resistances of the respective port 
the circuit. With this device, therefore, the range of a potentiometer 1 
extended indefinitely; and for ordinary voltages (say up to 750) the \ 
provides a satisfactory means of range extension. There are on thi 
numerous makes and forms of volt boxes, including cheap devices nev 
to be used in connection with potentiometers. The reliable ones natu: 
several times as much as the inferior ones 


*Eppley. International Standard of Electromotive Force and its Low-temper 
Form. Transactions A.J.5.E., Vol. 1931 





Fig. 38-9 
Fig. 38-7 






Forms of standard resistors. 
Fig. 38-7: Heavy-current Stand- .. 
ard (4 actual size) with a value 
of 0.000,01 ohm and rated at 
3000 amp. Fig. 38-8 has a value 
of 0.1 ohm and is rated at 15 
amp. Fig. 38-9: ‘‘Bureau of 
Standards Pattern’’ Standard Re- 
sister of 10-ohm value with ac- 
curacy of 0.01% 0.1 watt. * 
(Leeds & Northrup) 
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(b) Standard Resistors 

Since the potentiometer is esséntially a potential-measuring device, the logical 
method of using it for current measurement is to employ a standard resistor 
shrouzh which the current to be measured is allowed to flow, the potential drop 
cross this resistor being applied to the measuring circuit of the potentiometer 
Standard resistors for this purpose, calibrated to a high degree of accuracy, are 
sbtainable from several makers and in a variety of forms. Where the highest 
scuracy is required they are arranged for permanent immersion in an oil bath, 
which accomplishes the double purpose of protecting the resistor material from 
the atmosphere, and maintaining a uniform and controlled temperature through 
out its mass. Figs. 38-7, -8 and -9 show standard resistors of various ohm values 


manufactured by Leeds & Northrup. 
(c) The Divided Circuit 


It is apparent that potential differences may be selected at any points along 
the circuit of a potentiometer, without of necessity making one terminal of the 
Jide wire a reference point. Thus, several potentials may simultaneously be 
compared with the voltage gradient in the circuit, and these may or may not 
werlap, so long as a balanced condition exists in each circuit. In some forms of 
the instrument the circuit is divided into parallel sections, the measuring voltage 
heing taken between points on each. This greatly increases the flexibility of the 
instrument and also makes possible compensation for potentials which it is not 
desired to include in the ultimate measurement 


4, Representative Potentiometers 

While a great variety of true potentiometer circuits and different forms of 
instruments have been developed, space will not permit of their detailed treat 
ment, and only brief outlines of some interesting commercial models will be 
given. 

Since there are many and diverse criteria by which potentiometers may be 
compared with one another, the authors deem it necessary to remark here that 
any well-built null-method potentiometer belongs to the élite of electrical instru 
ments. Most valid criteria pertain to actual construction: (1) uniformity of 
slide wire; (2) eliminating effects of contact resistance; (3) eliminating thermo 
electric effects; (4) mechanical and chemical protection of the slide wire and 
of all other resistors, etc. 

There also are criteria of a more or less controversial nature, with sound 
arguments advanced both pro and con. Among these we may cite 

(1) the presence or absence of sliding contacts in the potentiometer circuit 
proper; 

(2) the total number of contacts in the potentiometer circuit proper; 

(3) the total resistance of the measuring circuit, which has a bearing on 
(a) galvanometer sensitivity, (b) accuracy as affected by leakage currents, (c) 
drain on the main battery, (d) constancy of resistance values and hence of 
ratios, (e) first cost, (f) maintenance required and (g) the possibility of con 
structing an instrument with decade boxes only and no slide wire 

Without taking sides we shall first present examples of the “high-resistance”™ 
class and then of “medium-resistance” and “low-resistance” instruments 

The “high-resistance class” is frequently called the Feussner type because it 
employs the circuit due to Feussner (1890). Of this type, the oldest example 
in fairly widespread use in this country is the one made in Berlin by Wolf and 
wld in the United States by Biddle. Fig. 38-10 shows its arrangement. It is in 
the 20,000 ohm class. . 


Fig. 38-10 awe 
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That ILLUSIVE something 
in the circuit can be measured on 
HIGH SENSITIVITY 
METERS 
Made by 
RAWSON ELECTRICAL 
INSTRUMENT CO. 
The Best Obtainable 


Rawson meters are the only ones hav 
ing two pivot movements whose weight 
is lifted from jewels when clamped tor 
transit. Electrical clamping does not a 


complish this purpose 


Dynamometer wattmeters, milhamme 
ters and voltmeters. Also ultra-sensitive 
meters both for A.C. & DC, flux 
meters, electrostatic voltmeters ft 

full scale 120 volts to over 20,000 volt 


thermocouples, earth current meters 
cable testers, fluxmeters, etc 


Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 
Representative: E. N. Webber, 
Daily News Bldg., Chicago, Ill 














SHALLCROSS 
Wheatstone Bridge 





This Wheatstone Bridge, built 
around a highly sensitive gal 
vanometer and Shallcross re 
sistors, provides a simple and 
rugged yet accurate instru 
ment capable of resistance 
measurements from 0.0] 


ohms to 11.1 megohms 


Send for Bulletin No. 630-H 


describing this instrument 


(s HALLCROSS MFG. COMPANY 


Electrical Measuring Instruments 
and Accurate Resistors 


TOO MAC Dat 


COLLINGDALE, PA 
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THE THWING 


Portable pH Meter 


For Every Day 
Practical Use 

A complete instrument for pH 
determinations, assembled with elec- 
trodes in a portable case. It weighs 
only a few pounds. 

Simple to operate; a 3 inch scale 
makes it easy to read accurately to 
.05 pH, easy to estimate to .01 pH. 

Works in clear and colored or tur- 
bid solutions, also in thick serums 
and syrups. 


Write for Quotation ses 


Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A. 

















WILBIN 


Electric 


TEMPERATURE 
CONTROL 


Wilbin Electric 
Temperature Con- 
trol uses a unique 
“heat motor” 
which secures 
close throttling 
control of steam, 
water, brine, gas 
or oil valves. 








Closes 
valves of 
any size 
with %°F. 
temperature 
change. Has 
six inter- 
mediate 
valve posi- 
tions be- 
tween open 
and closed. 
Operates directly 
from any light 
socket. 

Long or short 
ranges from 
— 40° F. to 


WILBIN INSTRUMENT CORP. 
183 MADISON AVENUE 
NEW YORK 


950° F. 
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The Eppley Laboratory’s “Improved Feussner Type” is a recent 
tion* of this fundamental circuit, as may be seen by examining Fig. 38-1 
Dr. Eppley has eliminated several contacts in the original circuit, added 


“standard cell dial” for greater precision in adjusting the standard cell circu 


when using standard cells of different voltages and built into the instrument 
rheostat for the battery circuit. Note from Fig. 38°11 that the resistors 
immersed in a motor-agitated constant-temperature oil bath. 


The Queen-Gray “Model E 3040” (Figs. 38-13 and -14), of the 


] 


resistance class’ (900 ohms), is distinguished by having a single-turn slide wir 


made possible by the use of a divided circuit—mounted within the instr 
ment case which is practically air-tight—an obvious advantage in most ind 
trial plants. 


While the General Electric “Precision Type Potentiometer,” Figs. 38! 


and -16, is of the “low resistance class,” the slide wire is eliminated by ¢! 
M. Eppley and W. R. Gray. An Improved Feussner Type Potentiometer. 7 h« 


Scientific Instruments, Vol. 2, April 1931, pages 242-249. For abstract see Jnstrume» \ 
April 1932, page Al2 


Fig. 38-13 
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Bulletins on Pyro Radiation, Immersion & Sur 
face Pyrometers, Pyro Super-Sensitive Radia 
tion Tubes and Rapid Recorders on Request 


THE PYROMETER INSTRUMENT CO. 
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Fig. 38-17 MANUFACTURERS’ 
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NEW LITERATURE 


In this department we each month list 
the printed matter issued by manufacturers. 
Unless otherwise noted, any of the items 





listed may be secured free upon applica- 


tion to the issuing firm. Manufacturers who 
> use of a “vernier” arrangement, i.e., subdivided decades connected in parallel have not yet sent in their printed matter 
with sections of the main circuit, so that readings are taken directly from dial | are invited to do so. 


settings without need for interpolation. 
The Rubicon “Type B Precision Potentiometer,” Fig. 38-17, uses a modified 








eye eee rr c — acts > notentiometer circuit | L328 Application of Monel Metal and 
Be divided circuit and there are no sliding contacts in the pot ‘ ( Bn ty Processing Haulp 
proper. A “novel compensation practically eliminates thermoelectric effects in | ment. Beside giving data on the | 
. , ° i : cal and me hanical propertie of t} 
the circuits of the instrument. All electrical parts are within the case aihentain tha iankint pte 
| er ble miscelbar 1 ) ' t ! 
idir instructi n ti 
litable weldin ! j ind t} 
tal n fabrication. Internat r 
38-18 el Co., Ine., 67 Wall St., New Yo 
329 Mierometer Set Lit | 
rate 6-piece Micrometer et 


for $9.95. Bradley Machiner ( 
Epworth Blvd Detroit Mict 
D330 Precision Balances, ( 





‘40 illustrates and de ribes the 
line of Roller-Smith Pres nb 
It differ from the preceding 
that many of the ttachment nd 

‘ rie hich are used with tl ba 
inces ire llustrated ind lescribed 
Roller-Smith Company 233 Broadw 
New York, N. ¥ 

B331 He Measures in Millionths is t! 
title of a 24-page booklet, Form 71 
which contains on page 15 ¢t 

story of Johansson gage bloc] ir 
hansson Division, Ford Motor Co, De 
born, Mich 

B332 Geophysical Prospecting Outfit. 
12-page catalog describe the ner 
principles of the reflection method nd 
also the reflection equipment f 
physical prospecting. American A 
ia Corp., Houston, Texa 
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L333 Pelarimeters and Saccharime- 
ters. l6-page catalog gives specifica- 
tions and prices of J. & J. Fric polari- 


meters and saccharimeters. Sole agents 
in the United States are E. H. Sargent & 
(‘o., 155 Kast Superior St., Chicago, I! 


B334 Profile Gage. Leaflet illustrates 
i profile gage which can be id justed 
for any profile. Various styles available 
Stockton Profile Gauge Corp., 165 Jack 
son St., Lowell, Mass 
3-335 Electric Instruments. Catalog 
GEA-602D is a 162-page book furnish- 
ing information on standard lines of 
switchboard, portable and laboratory 
instruments. Dimensions are included 
General Electric Co., Schenectady, N. Y 

336 Deviee for Separating Water 
from Compressed Air Lines. ‘“DriAir’ 
separates and automatically ejects the 
condensed water from compressed air 
lines. New Jersey Meter Co., Plainfield, 
Mea 

B337 TVelaire. Leaflet illustrates a 
small temperature and humidity indi- 
cator, Which sells for $2.00, The Mute: 
Company, Chicago 

338 Aeross-the-Line Motor Starter. 
No. 1 ZO folder illustrates the E. C. & 
M. No. 1 Type ZO weather-proof, dust 
tight motor starter. Electric Controlle: 
& Mfg. Co., 2700 East 79 St., Cleveland 
Ohio 

B339 Alloy Pot. Vol. 2, No. 3 of The 
Zine Alloy Pot reviews an interesting 
article concerning the design and de- 
velopment work on a small but intri 
cate machine, the Initialator, New Je 
sey Zinc Company, 160 Front St., New 
York, N ’ 

13340 Combustion Indicators & Con- 
trois. Bulletin 341 describes photo-elec- 
tric combustion indicators. Ess Instru- 
ment Co., 30 Church St., New York, N. Y 

1341 The Engine Indicator Book. A 
56-page book, 6 x 9% inches, just pub 
lished. It contains a description of the 
latest types of Trill engine indicators 
ind accessories, with information on 
taking and reading of indicator cards 
Book is well illustrated. Louis C. Eit 
zen Co., 280 Broadway, New York, N, Y 

342 Bleetric Apparatus for Measur- 
ing Velocity of Water. List %7/le, a 4- 
page leaflet, describes an instrument 
for measuring the velocity of a liquid 
in a pipe or open canal or stream. An 
gxlo-Swiss Electrical Co., Ltd., 15 Vic- 
toria St., Westminster, London, Eng 

B343 Magnetic Contactors, Bul, 4401 
gives the descriptions and engineering 
data on 2, 3 and 4 pole alternating cur- 
rent contactors while Bulletin 1901 
gives the same information for 1 and 2 
pole direct current contactors. Ward 
Leonard Electric Co., Mount Vernon, 
New York 

B344 Recording Thermometers. Cat 
50 describes mercury actuated record- 
ing thermometers and accessories. The 
various chart ranges in which it is 
furnished are listed. Moeller Instru- 
ment Company, 261 Sumpter Street, 
Brooklyn, New York 

B345 Kathetron Regulator, Catalog 
10-A describes and illustrates the Kath- 
etron regulator for the control of volt- 
ize below or above normal. It is char- 
acterized by extremely flexible distant 
control with small losses at low volt- 
age: speed and smoothness of response 
and accurate setting independent of 
load. Roller-Smith Co., 233 Broadway, 
New York City 
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‘with the surprising length of 8 feet. With a range of 50 millivolts, 








Fig. 38-19 [i ~ 





Well known in American practice, the Leeds & Northrup potentio: 
the “K” series are distinguished by an eleven-turn slide wire enck 
rotating hood which carries the sliding contact. This slide wire length | 
the longest found in commercial potentiometers) makes possible mi 
subdivision of the slide wire potential. Among features which L & N ot 
are a quick-transfer switch whereby current may be checked against tl 
ard cell at any time, a range-changing device converting instrument fro: 
0.16 volts range, and provision for convenient checking of all resistan: 
in the potentiometer circuit. Low resistance (80 ohms) is stressed by tl 
as an outstanding advantage. Figs. 38-18 and -19 show the recent (1930) 
“Type K2” and its diagram. It has a 0.016 volt range in addition to t 
and 0.16. 

The Tinsley (an English instrument developed by Dr. Drysdale) differ 
the above in having a “vernier” arrangement (see Fig. 38-20) wher 














graduated resistor is shifted along the main circuit by means of a double, Bro 
switch. In this way, sections of the circuit are selected and paralleled with 1 use: 
“vernier” resistance, enabling the potential differences in a particular sectio a Si 
to be read with a high degree of precision. Total resistance, 80 ohms. 1 7 
Drysdale-Tinsley instrument is made up either for direct or alternating cu a tr 
rent; in the latter form, of course, it may be used on both. rac} 
The “vernier” principle has been extended in the Cambridge instru: d.-c 
shown in Fig. 38-21 in which there are five successive edgewise dials n the 
resembling a cyclometer counter but, like such a counter, reading direct] inst 
decimal order. The 
wire 

resi: 

I 

No! 

for 

requ 

ing 

late 

rece 

as § 

Fig. 38-20 Fig 
oil- 

Fig. 38-21 moc 





Industrial Portable and Switchboard Potentiometers 

The above potentiometers, while widely used in industry, may genera 
classed as laboratory instruments since undoubtedly they all are be: 
struments. There are on the market true null-method potentiometers d 
especially for plant service, available in portable or in switchboard n 
Difference of form, due to different function—or rather to specific pur 
naturally entails some limitations: the above described “bench” types get 
have ranges of (1) normal, 1.5 or 1.6 volts; (2) up to 15 or 16 volt 
using ten standard cells in series as the standard; (3) 0.15 or 0.16 
the use of a range-changing device in some makes; but on the other h 
portable and wall forms usually have but a single range. 

The Brown Precision Portable Potentiometer is a readily portable 
ment which nevertheless possesses a high degree of intrinsic accuracy, t! 
wire being wound in a seven-turn helix on a rotatable drum, thus giving 


+ 





Fig. 


can be graduated in 20-microvolt divisions '/2¢-inch apart. The 1935 
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METER 

Brown Portable, Fig. 38-22, is priced less than half of the above but has more 
uses, as may be seen from its diagram, Fig. 38-23: it is a test set rather than 
a single-purpose instrument. 

The Thwing “Treasure Chest,” Fig. 38-24, incorporates in a portable form 
a true potentiometer, whereby complete checks may be made upon the accu 
racy of millivoltmeters and pyrometers together with null measurements on 
dc. potentials in general, and also an adjustable source of e.m.f., separate from 
the potentiometer circuit, so that it may be caused to deflect an indicating 
instrument and at the same time perform a check on the calibrating voltage 
The complete range, made available by a decade dial and a calibrated slide 
wire, is 101 millivolts. Provision is also made for the measurement of circuit 
resistances by determining the voltage drop when a known current flows 

Intended for switchboard mounting but portable as well, the Leeds © 
Northrup Industrial Indicating Potentiometer, Fig. 38-25, is especially suitable 
for that class of industrial measurements (expressible as e.m.f., of course) 
requiring a permanently installed, highly accurate instrument, but not requir 
ing records or even continuous indications. This class of measurements has 
lately grown in importance, and other switchboard indicators were brought out 
recently: The Foxboro 1934 instrument usually comes with a multiple switch 
as shown in Fig. 38-26a, and its galvanometer needle carries a white disk (see 
Fig. 38-26b) for high visibility. The Brown wall type indicator has a 40-inch 
oil-immersed slide wire (which will be dealt with under Recorders). The 1935 
model Tagliabue industrial indicator has a mirror galvanometer projecting a 
bright line on a screen located above the exposed portion of the scale 




































































Fig. 38-26a 





Fig. 38-25 
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Automatic Pump Controller 
Minneapolis-Honeywell 
Regulator Co. 

OR elevated tank systems, the ne 

Type L550-1 Controller employ 

“snubbing” principle which inhibits 
operation at wrong times, i.e., when rapid 
changes of pressure result not from ac 
tual liquid head but from acceleration or 
deceleration of moving mass of liquid on 
starting or stopping pump. Instead of 
ordinary air cushion tank or needle-valve 
irrangements, a three-switch adjustable 





period electro-thermal time-delay circuit 
is used, whereby neither high-level switeh 
nor low-level switch can. alone stop or 
start pump motor. Normal adjustment 
ire: | High 4) sec. for heater to warp 
bimetallic strip enough to open snubber 
switch and stop pump; 2. Low. Approx 
2 min. from closing of low-level switch 
to starting pump. These constants may 
be altered to suit surging conditions of 


various ipplications 





Portable Cathode Ray 


° 
Oscillograph 
Allen B. DuMont Labs. 

OMPLETELY self-contained Pyyp 

142, with 5” cathode ray tube, power! 

supply and linear sweep circuit, has 
been designed for general laboratory and 
industrial use. Only connections are a. 
attachment plug and wires nece irv to 
connect apparatus under test to the 
terminals on unit. A type 548 DuMont 
cathode ray tube, utilizing an indirectly 
heated cathode and equipped with two 
sets of electrostatic deflection plate ind 
high-intensity screen, has a graduated 
scale at face to permit accurate quan 
titative measurements. A power supply 
furnishing accelerating electrode voltage 
as well as necessary filament and focus 
ing voltage is incorporated, together with 
a linear sweep circuit having range 10 
5000 cycles Means are provided to focus 
spot and control amplitude and frequen 
cy of sweep voltage Sweep circuit, of 
stabilized type, can be made to lock in 
step with a recurrent waveform if de 
sired 
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| 5. Some Applications of the True Potentiometer 
All of the instruments described in the preceding section have b 
| with solely with regard to the essential purpose of the true potentiom 
| measurement of voltage. All of them, of course, can be—and some a 
| to measure any condition or property represented by voltage, the on! 
| as a rule being a special scale. (The uses of volt boxes in extending t 
| of the instrument, and of standard resistors in making possible the mea 
| of current, have already been mentioned.) We come now to the u 
| true potentiometer for such special purposes. An eminent authority* 
1931 that the use of the potentiometer in industry has increased to 
| extent that nine-tenths of the potentiometers put into use each year ; - 
plant applications. It is probable that in the years since the Direct 
velopment of L@& N made this statement the proportion has increased 
In its application to the measurement of small electromotive forces, 
of the potentiometer might seem to be limited, until it is remembered 
implied a few lines above, a number of phenomena met with in indust1 
can be made to express themselves quantitatively as differences of 





Moisture Tester 
The Alpha-Lux Co. 


APID determinations of moisture . ; 
content in granular and fibrous ma potential. Many chemical actions, for example, are accompanied by cl 


istic differences of electrical potential; and by properly selected electrod 


terials are made possible by means | 
of a simple absorption apparatus styled 
the “Speedy Moisture Tester.” A definite | 
weight of the material to be tested is 
poured into a container that resembles a 
cocktail-shaker. A measure of absorbent 
powder (furnished with tester) is poured 
into cap; cap is put on and clamped 
while apparatus is held horizontally to 
prevent mixing; device is shaken to mix 
material and absorbent thoroughly; and 
gage (at bottom) is read. Dial reads 
directly in weight-percentage of mois 
ture. For exact determination, pause a 
short time, shake, read gage again, and 
if successive readings agree, accuracy 




















is claimed to be comparable to that of e4 
laboratory methods. Handled case weighs Fig. 38-27 Fig. 38-28 3 | 
13 Ibs. _ T 
| voltages may be applied to a potentiometer circuit. Perhaps the best unde 
° 1 ° | present application of this type of measurement is found in the determi and 
Anti-lightning Protector for of acidity or alkalinity of solutions, as indicated by hydrogen ion concent mod: 
Watthour Meters | tion (“pH”). This system of measurement finds a continually broadening | sen 
General Electric Co. | in the determination of chemical properties in many materials undergo moti 
ROTECTION against failure due to | industrial processes. A simple form of potentiometer designed particularly for slib 
. " , . . | , . a “ 
aghtaing is prov dod for gene | pH determination, is included in the Thwing Portable pH Meter, Fig. 38-2 true 
watt te the new Thyrite | , , “2 
vatthour meters by the new Thyrite | One of the most important uses of the potentiometer principle lies in | ong 
meter-protector, designed to be mounted S . : COURS 
as part of the meter installation, intend- | field of pyrometry, where the potential difference set up in a thermocou; = of tt 
| - , 
ed for use on relatively long and ex | made representative of a temperature at a more or less remote point. W Elec’ 
poe a circuits . 650 volts or | such potentials may be measured with a direct-deflecting instrument, the cur in F 
‘low. Impulse-protective characteristics 4 ; 1 
ones a eS Cee rent drawn from the thermocouple tends to affect the accuracy of the read pote: 
are such that impulse voltage is less than : : / : ; 
consi cahen ok dtiad Widete teak and for precise measurements of this class the potentiometer is essential. | S §=©foun 
voltage for new watthour meters. New | 38-28 shows a thermocouple potentiometer manufactured by Rubicon. It us S instr 
peatinyy nae met installation — the null method and is self-contained, including a standard cell, battery, : worl 
tages, being designed f ting either + ‘ 7 3 ; 
ges, Demg Cesgned for mounting either stats and galvanometer. Note that the slide wire scale, calibrated in degrees S sour 
on service-entrance cabinet or on meter ; 4 
connection-box adjacent to watthour temperature, is double: one scale is for use with iron-constantan couples, t mo ¢ 
meter, by means of standard conduit other for use with chromel-alumel couples. 4 Ti 
wen nuts threaded on nipple above and Since the net electromotive force in a thermocouple circuit is represe1 sade 
elow knockout hole—which arrangement of the difference in temperature of the two junctions, it usually is desiral eo 
places it in direct shunt relation to me ‘ . : ; ment 
ter. It consists essentially of three single. | reduce the readings to a standard reference temperature and eliminat lire 
. S | > i - Ul 4 
pole protectors each of which is made | effect of variations in the temperature of the junction which is not expos the 
up of a Y ve disk and a small series the temperature under measurement. Cold-end compensation” may read defle 
ow: Stee » . ngs 51 _” 1 " | 6 - . q ic “ 
BP teel_ enclosure Is 9'2" X #5" 8 | effected by introducing into the circuit a combination of temperature-se: Be 
- 7 . ° L ‘ 
| resistances, thermally associated with the cold junction, and adjusted to m appl 
the potential of one end of the thermoelectric circuit with temperature cha aie 
- . . ’ { 
to a degree which will compensate for those changes and eliminate th hia 
7 ‘ , ; : the 
| junction effects from the ultimate measurement. Fig. 38-29 is a diagram of t b otir 
| cold-end compensating circuit used by L@N. . oe , 
Since electric currents produce heat in a circuit and thermal converte: peoit 
i ° . ills 
| be constructed in which there is developed a temperature difference repr: due 
| tive of the current or the power in a circuit irrespective of the nature of t ' @ 
| current, there is thus provided a means whereby precise measurements ‘ : oo 
| magnitudes may be made through the agency of the direct-current potent pid 
- > Com! 
| .ter. An important application is the totalizing of power loads with the | dies 
| thermal converter. 
*I. M. Stein. Design of Potentiometers. Transactions A.I.E.E., Vol. 50, 1931, pages | 4 E.M 
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Fig. 38-29. H — hot 
junction; D — cold junc- 
tion, with constant-resis- 
tance coil M on one side 
and nickel coil N= on 


I \ other. Nickel having a 

‘A aa ; = Sa aa 

\ L AAAAAA cient, effect is to vary 

—— J — | electrical ratio of M and 
Ree Pa N as if point D were 
pw moved mechanically along 

“ a slide wire to compen- 


sate for temperature of 
junction D. (Leeds & 
Northrup) 





Fig. 38-30 
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Fig. 38-31 


6. Deflection Potentiometers 

The true potentiometer is a null-method instrument, the electromotive force 
under measurement being wholly and exactly opposed by a measurable voltage, 
and the deflection of a detecting galvanometer reduced to zero. An interesting 
modification is found in the deflection potentiometer, in which the electromo 
tive force to be measured is partially balanced by an exactly known electro 
motive force, and the small remaining difference read from the deflection of a 
calibrated galvanometer. The principle is practically identical with that of the 
true potentiometer except that the galvanometer circuit is maintained at a 
constant resistance value, giving a definite significance to the calibrated scale 
of the galvanometer, upon which the final readings are obtained. The General 
Electric Brooks deflection potentiometer is shown in Fig. 38-30; its diagram 
in Fig. 38-31. While the deflection potentiometer is not so accurate as the true 
potentiometer, it is more so than long:scale indicating instruments. It is chiefly 
found in plant laboratories where large numbers of direct-current indicating 
instruments are to be checked, and also is extremely useful in photometric 
work, particularly where the performance of a large number of similar light 
sources is to be compared. 
7. Semi-potentiometers 

The potentiometer proper has two outstanding advantages as a measuring 
instrument. It takes no current from the source of potential under measure 
ment, and it is capable of a degree of precision much higher than characterizes 
direct-indicating instruments. A useful class or instruments is that known as 
the semi-potentiometer, which, while having its accuracy limited to that of a 
deflecting movement forming a part of the instrument, does not draw any 
current from the source of potential. Instruments of this class find their widest 
application in the field of pyrometry,* where the precision of a good deflecting 
movement is often sufficient, but where it is desired to keep the current in the 
thermocouple circuit at the lowest possible value. While there are several types 
of instruments in this class, the general principle may be said to lie in establish 
ing the value of a current in a potentiometer circuit by means of an indicating 
instrument, and then applying the balance principle in measuring the unknown 
electromotive force against the potential drop in a known part of the circuit 
In some forms a single movement serves the dual purpose of indicator and 
galvanometer, while in others two distinct deflecting elements are used. The 
commercially available semi-potentiometers some years ago were pyrometers 
examples: the “Brown Heatmeter,” and the Northrup “Pyrovolter”—both 


splarrison and Foote. A Precision Galvanometric Instrument for Measuring Thermoelectri 
[F's 7 


E.M.F.’s. Transactions A.1.E.E., Vol. 39, 1920, page 37! 





"Heat Accelerated'’ Type 
House Thermostat 


Minneapolis-Honeywell 
Regulator Co. 


EVELOPED with special consid 
eration of distinctions bet 
“temperature control” and “heat 
distribution,” this new type (T17-1) has 
for chief purposes (1) elimination of 
“cold 70," (2) even distribution of hea 
not only in room where installed bu 


ween 


throughout house, (3) automatic compen 
sation for outdoor conditions, (4) ready 
adapt ibility to type ind size of heating 
plant and to house construction and in 


sulation, (5) fuel economy Makers’ 














“Series 10” circuit has been modified by 
placing small heater F’ (see diagram) in 
holding circuit to accelerate breaking of 
W contact. However, B contact must be 
broken by normal temperature rise at 
thermostat before auxiliary heat is ap 
plied, the manner of application being 
said to account for “superiorities of thi 
T17-1 over conventional types of heat 
anticipating thermostats.” To energize 
relay D and start burner, B and W close 
in conventional manner. When LD closes, 
holding contact I’ is made.and as soon 
as B opens, circuit is then from W 
through secondary of transformer, D), / 
F and back to W 
thus shunted out as long as 72 remain 


Heating element i 


closed. Heater being in thermostatic coil 
post, burner will operate approx. 6 min 
after B opens exact time depending on 
rate of temperature rise 





Trigger Guard Protects 
Flush Tumbler Switches 


General Electric Co. 


ESIGNED to 
protect trig 
gers ind 
mechanisms of rel 
atively ex posed 
flush tumbler 
switches in ex 
posed location 
such as shops, thi 
new guard is made 
of heavy brass with 
side rails which 
shield the trigver 
It is conveniently 
mounted on the 
flush plate simply 
by removing the 





screws holding the 
plate to the switch and then attaching 
guard and plate by means of the sare 
screws. Finished in brush brass 
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Temperature Controller 


with Adjustable Time Cycle 
Jas. P. Marsh Corp. 


EK SIGNED for controlling tempera 
ture in a building or in certain 
zones thereof, the “Tritrol” Regu 
lator automatically varies the time of 
starting heating system in morning, and 





of shutting it down at night, to compen 
sate for changes in out-side temperature. 
During the day, it maintains an intermit 
tent flow of heat to the building, the 
periods automatically varied in inverse 
proportion to outside temperature. Means 
are provided for adjustment for varia 
tions in climatic conditions, load, or de 
sired indoor conditions. Typical applica 
tion, control of steam flow to a building 
where steam is purchased from an out 
side source: valve in steam main is 
operated periodically, periods varying 
with outside conditions. During each pe 
riod steam flows into system until all 
radiators get their share, thus insuring 
even heat throughout building. Where 
system is slow-circulating such a method 
is obviously advantageous; where steaim 
circulates freely the use of a slow-acting 
valve permits practically constant but 
modulated flow. A motorized, solenoid 
operated or pneumatically-operated valve 
may be used as desired. New device is 
said to be “ideally suited to control an 
oil burner. Definite firing periods insure 
maximum efficiency of operation.” The 
periods are of duration to heat entire 
system, eliminating cold sections. Where 
several burners are used in one building, 
or in a group of buildings, they may be 
controlled individually or collectively 
from a central point. New “Tritrol” is 
also suitable for operation of a stoker: 
definite firing periods insure maintenance 
of hot coals in firebox; regulation of 
morning starting and night shut-down ac- 
cording to outdoor conditions restricts 
heating to hours during which building 
is actively occupied. 
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GALVANOMETER 


withdrawn, as was also the 1916 Weston instrument of this typ 
semi-potentiometers seem to be coming back into vogue, both for p 
and for other purposes. The G.E. Thermocouple Potentiometer, Fig 

of this type. In common with all semi-potentiometers it dispenses with 
ard cell; it has three ranges, of 6, 30 and 60 millivolts and also a tem; 
scale calibrated for “G-E special-alloy” thermocouples; and is enti: 
contained, including a battery of two dry cells, in a 16” * 12” > 9” 
general-purpose semi-potentiometer is the “Rhodes Potentiometer Voltn 
made by Sensitive Research Inst. Corp. Its circuit diagram, Fig. 38-33 
explanatory and applies in its essentials to all instruments of this cla 
instrument itself, however, is prebably unique in that the millivoltmete: 
galvanometer moving-elements use the same magnet, their pointers bei: 
posed and the scales being arranged as shown in Fig. 38-34. 


8. Dual Application of the Potentiometer 

In certain classes of measurement, such as determining resistance by th 
of-potential method or checking wattmeters, it is desirable to measur 
electrical magnitudes simultaneously or nearly so. Where conditions a: 
that one of these may be held to a constant value and measurement pert 
upon the other, a single potentiometer may sometimes be made to do thi 


of two instruments. The potential difference representing the magnitude | 


at a steady value is balanced against the potential at a selected point 


instrument; and, by a throw-over switch, the variable magnitude is qui 
applied to the regular potentiometer circuit for measurement. These operatio: 


hk 


may be performed in rapid succession, and repeated until a steady conditior 


assured, so that with a single instrument it is possible to obtain the p1 
of a potentiometer in the determination of both magnitudes. A diagrai 
oped by one of the authors* for this purpose is shown in Fig. 38-35. T] 


ciple is similar to that of the “double potentiometer” due to White (whe 


indeed it is developed to a higher degree of refinement) but the idea 
arrangement illustrated is to make this principle available to the user 
standard L@ N “Type K” instrument. Space does not permit describi: 
White potentiometer, which is but one of the possible refinements. 


*P. A. Borden, An accessory device for Potentiometers. Journal Optical S¢ 


Review of Scientific Instruments, Vol. 13, Nov. 1926, pages 601-602 
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oratory or test equipment. 


quencies. 


PRICE 

Type 510-A 
0.l-ohm steps. .& 8.50 

Type 510-B 


l-ohm steps.. 8.50 
Type 510-C 

10-ohm steps... 8.50 
Type 510-D 

100-ohm steps... S.50 


Type 510-E 
1000-ohm steps.. 138,00 
Type 510-F 
10,000- oiles steps... 16.00 


CAMBRIDGE A 





Resistanee Decades 
HIGH-FREQUENCY TYPE 


Single-dial decades for incorporation into lab- 


Low phase angle and shielding permits use 
at all audio frequencies and low radio fre- 


Each dial has 11 steps (0 and 10). 


Type 510 Decade- Resistance Units 





GENERAL RADIO COMPANY 


MASSACHUSETTS 


measuring 
ances. 











TYPE HTD 
CIRCUIT TESTER 


Direct reading, self- 
contained. Range 
0-10000 ohms. 
little instrument for 
testing circuits and 
resist- 


A fine 


Send for Cat. J-123-5 


ROLLER Electrical 2OLLER-'SMITH and Protective » Apparatus) 


Main Office Works 
2132 Woolworth Bldg., 


Sales agencies in principal cities In U.S.A. and Canada. 


ROLLER SMITH 


TYPE COM OHMMETER 


Direct reading, self-contained 
Range 0-50000 ohms. Readable 
to .02 ohm. A rapid and ac 
curate ohmmeter for produc- 


tion work. 


Send for Cat. J-123-5 





New York Bethlehem, Pennsylvania 








Vibration Velocity Indicator 


General Electric Co. 
ORTABLE, self-contained, requiring 
no tubes, batteries or external pow- 
er, and operating at any angle from 

horizontal to vertic al, this novel electro- 
magnetic device for measuring the veloc 
ity of vibration of an object in the noise- 
producing frequency range consists of 
two units connected by a flexible cable 
as Shown. The “velocity unit” transforms 
mechanical vibrations to voltage varia 
tions by means of a coil moving in a 
permanent magnet field. Coil is mag 
netically shielded. Vibrations to be meas 
ured are transmitted to coil by duralu 
min contact rod extending from front 
of cylindrical case. “Meter unit” con 
sists of an impedance matching trans 
former, a suitable resistance ratio net 
work, and a Rectox operated “Type DO” 








microammeter with a seale marked di 
rectly in mils/sec. vibration velocity 
Velocity scale allows attainment of great 
sensitivity throughout noise-producing vi 
bration range because, for same ampli 
tude of vibration, velocity increases in 
direct proportion to increase in frequen 
cy. (In machinery in general, the higher 
the frequency of vibration, the smalle1 
the amplitude, so that velocity, which is 
proportional to product of frequeney and 
amplitude, tends to remain constant.) 
One type of application (“Go and No 
Go”) is illustrated by a production line 
of motors where one acceptable motor 
has been measured for vibration velocity 
Another lies in detection of unknown 
vibration velocities: various parts of an 
automobile under different conditions. A 
connection for headphones is provided 
and complex sounds can be differentiated 
by ear. (Seale reading being affected by 
insertion of headphones, velocity meas 
urements should not be taken while these 
are in circuit.) An attachment is ob 
tainable whereby instrument can be per 
manently mounted and its output used 
to sound an alarm or shut down machin 
ery when velocity exceeds a_predeter 
mined value, or for recording. 
Operating Limits. Total allowable 
travel of moving coil system of velocity 
unit is 0.060”: limited by mechanical 
stops. An attachment for measurement 
of amplitudes >0.06” is being developed. 
Two scale multiplier switches on the 
“meter unit” provide scale range for all 
ordinary purposes: Four possible posi 
tions of these two switches provide scale 
multiplications of xl, x4, x10, x40, pro- 
viding mils/sec. vibration velocity ranges 


of 0-250, 0-1000, 0-2500, 0- 10,000 In 
terms of double amplitude at 60° vibra 
tions/sec., these scales provide amplituce 
ranges of 0-188, 0.-7.5, 0-1I8S.8, 0 75 mil 

Vinimum frequency is 2.5. eycles/see 

maxrimum fre quency: Scale readings ire 
said to be accurate to *5% at all fre 
quencies up to LOOO vibrations/sec 





Double Switch Thermostat 


Wilbin Instrument Corp. 


OMBINING in one unit the fune 
tions of two, this new thermostat 
is designed to operate two eparate 


circuits from a single temper ture enst 


tive bulb. One of it purpose 

is to control vuleanizers, plat 

* en presses, laboratory ovens, 

ete., which have electric heating 

- element in two sections, a large 

one to bring apparatus up to tempera 

ture and a smaller one to hold within 

close limits. Illustration show required 

irrangement. Adjustment knob A de 

termines high point; while differential 

between the two switches of unit is ad 

justed by means of screw B and lock 

nut ©. Various combinations are possible 

to meet requirements of different appli 
cations. 
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Pressure Regulator 
Mason-Neilan Regulator Co. 


HIS new pressure reducing regulator, 

known as No. 505 Series, is equipped 

with non-corrosive stainless steel ball 
bearings which roll up and down to min 
imize valve stem 
travel friction, and 
also turn freely 
under the spring 
adjusting screw to 
facilitate pressure 
settings. Multiple 
springs permitting 
use of larger dia 
phragms are said 
to increase sensi- 
tivity and accura- 
cy. A self-aligning 
spring button pre 
vents spring tilt 
and side sway from 
interfering with 
smooth operation. 
These _ regulators 
are equipped with 
the “Centroguide 
Valve,” in which 
plug is centrally 
guided at top and bottom of body to 
minimize wire drawing and cutting of 
plug and seat rings. Grease-sealed stuf- 
fing boxes optional. 








Steel Abnormality Tester 


Ferrous Magnetic Corp. 
OMMERCIAL production is an 
nounced on instrument generally 
similar to that described in Dr. 

Specht’s article announcing the new 
thermo-magnetic method (Jnstruments, 
Sept. 1934, pages 182-184). It is further- 
more stated that industrial model will 
have three distinct functions: (1) Quan 





titative measurement of degree of ab 
normality in each specimen; (2) deter 
mination of grain size; (3) determination 
of carbon content. For all these tests the 
new instrument works automatically and 
gives scale readings. Tests being made 
on miniature ingots (3%” x 91") a heat 
of carburizing steel may be reported on 
while it is still in the furnace. 





Paper Smoothness and 


Formation Tester 
Williams Apparatus Co. 


HIS new Williams Electric Smooth 

ness and Formation Tester for Paper 

measures smoothness by noting time 
required to force a definite quantity of 
air under constant 
pressure between two 
similar surfaces of pa- 
per clamped together 
at a definite pressure, 
indicated by an accu- 
rate gage. Also meas- 
ures formation or close 
up of sheet by deter- 
mining plano-radial 
porosity or inter-cel- 
lular density in the 
plane of the sheet as 
distinguished from 
normal or perpendicu- 
lar penetration. Ad 
vantages claimed are: 
(1) Ease of manipu- 
lation. Smoothness test 
said to be as easily 
and quickly made as 
a bursting strength 
test with a Mullen 
tester. (2) 
automatic 
electric tim 
ing control. 
Once test is 
































started, no further attention is required 
until watch is electrically stopped and 
elapsed time registered. (3) Accuracy. 
Slight difference in surface smoothness 
readily noted, and exceedingly close check 
tests on the same sample said to be easily 
obtained. 





Large Epi-microscope and Camera 
Carl Zeiss, Inc. 


OR work with incident light this new 

optical bench styled “Zeiss Neophot” 

is equipped for: (1) microscopic ob 
servation and photography at magnifica 
tions of 50-2000 & and over, in ordinary 
bright field, with normal and 
oblique illumination, in a dark 
field, by polarized light; (2) 
low powe r survey pho- 
tography at 426 
magnification, with 
normal and oblique il- 
lumination; (3) Ma 
cro photography of 
large objects with a photographic objec- 
tive, full-size and at slight magnification 
or reduction. Microscope stand is low- 
built, with convenient arrangement of all 
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controls, and has highly stable stage ac- 
commodating heavy specimens. Illumina 
tor combines various possibilities of 
bright-field work with prism or plane 






glass, dark-field work and polarized light 
illumination; and change from one type 
to any other can quickly be effected 
without disturbing adjustment of object 
or focus. 


Density Comparat. 
By Everett W. Melson* 


ESIGNED for accurate 

quantitative spectrograp!| 

sis, this accessory instr 
any spectrograph measures int 
spectrur 
phot oO 
means 
cates re 
rectly or 
For wor 
ing mea 
of but a 
lected lit 
al in qua 
spectrogr 
surpasses 





nt ee in -. \ 
micro - p 
ters in rapidity and economy. It fy 


from operator’s personal equati 
fatigue effects which impair acc 
visual photometer measurement 
ates waiting for the development 
photographic paper or film; and ; 
used for plates taken with any siz 
or make of spectrograph. Complet: é 
ment consists of a projection s\ 
photoelectric receiver, a voltage 
tor and a sensitive galvanometer. ‘| 
current for the standard unit is 1] 

60 cycle a.c. Provision is made for 
voltages and frequencies. 


ju 


Illuminator, located inside i 
consists of a 200-watt monoplane fila 
lamp equipped with a reflector, 
focusable. Since measurement depend 
intensity of illumination there is proy 
a regulating transformer which deliv: 
a constant voltage of 115 volts, eve 
though line voltage varies from 105 
130 volts. 

Spectrum plate is mounted on 
chanical stage carried by a_horizont 
guide directly between illuminating 
ber and projection lenses. Horizonta 
vertical adjustments are provided. \ 
condensing lens system with heat 
ing filter, mounted inside housing 
tween light source and plate, illuminates 
an area about 1” square. Outside housir 
is focusable projection lens system whi 
with aid of two mirrors (one adjustabii 
throws a magnified image of illuminat: 
area onto large inclined white screer 
Double imagery is avoided by 
first-surface mirrors. Projected imag 
visible in an ordinary lighted room, 
mitting easy selection of a desired |i 

Light from projected beam 
through a narrow vertical slit in inclin 
screen and falls directly upon ph 
Slit is narrower and shorter th 
jected image of a spectrum line, 
when latter is positioned over it, light! 
reaching cell is that which has 
through spectrum line. Two red 
filters prevent interference fron 
light scattered by reflecting surf 
narrow open slot between them 
white light to pass through spectri 
while rest of field is illuminated 
red light. 

In receptor system, a single \\ 
Photronic (self-generating) cell is 
ed behind narrow screen slit. Its 
is measured by a high-sensitivit) 
beat reflecting galvanometer. To 
galvanometer mirror where building 
subject to heavy vibration, there 1s liste 
as an accessory the Brevoort Modified 
Julius Suspension (Jnstrument 
1931, pages 277-278). 


*Bausch & Lomb Optical Co., Roche 
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Room Temperature Control 
Penn Electric Switch Co. 


NTICIPATING room temperature 


change, the new “Penn Temtrol” 
is said to maintain a_ uniform 
rature within 14,°F. at a constant 
level 6” to 12” 
abo instrument 
level, regardless of 
outside tempera- 
ture change. Con- 
trol circuit current 
generates heat 
which combines 
with heat from 
surrounding air to 
actuate thermostat- 
ic element and shut 
down burner after 
a comparatively short ope ration period. 
\s element temperature is always above 
room temperature, heat transfer from 
element to surrounding air is accelerated 
and burner is started before room tem- 
perature drops. Comparatively short, fre- 
quent, “shots” of heat are automatically 
lengthened in colder weather by a low- 
ered temperature at instrument level, 
caused by increased floor-ceiling tem- 
perature ‘gradient. Low mounting, said 
to be available “only with precision 
instruments such as Temtrol,” is said 
to divide this gradient above and below 
instrument setting to “attain maximum 
comfort in four-foot zone.’ Heater is 
furnished in various sizes for various 
heating control circuits. For “Day-Nite” 
control a sub-base, with separate heater 
to raise instrument temperature above 
room temperature, is inserted under Tem- 
trol. Sub-base heater is energized by 
setting a separate timing control, ‘Time 
trol,” which de-energizes heater at end 
of desired period. New device is espe 
cially designed for low mounting: heavy 
Bakelite, tamper-proof construction, top 
idjustment, no thermometer. 


tem 








Carlson Score and Built-up 
Fibre Board Tester 
Thwing Instrument Co. 


Y means of this new instrument the 
relative serviceability of different 
fibre boxes can be measured and the 
relative values of different kinds of 
scores or creases determined. It applies 
a combined action of tension, tearing and 
repeated bending to a specimen bent 
over and drawn firmiy against a sloping 
edge. A scored specimen representing 








material from an edge of a fibre box 
may be bent initially approx. 90°, bend 
being parallel to and at score, so that 
score may be in contact with sloping 
edge during test. Number of times speci 
men is bent through predetermined angle 
and the maximum tension applied before 
specimen is torn apart indicate amount 
of rough handling which box will with 
stand. Subjecting all specimens to same 
initial tension is accomplished (after 
specimen is fastened in the fixed and 
movable clamps) by turning ratchet un 
til desired amount of tension is indicated 
The maximum tension is registered on a 
calibrated vernier. A counter registers 
the number of bending cycles to which 
a specimen is subjected. Intermediate 
pulleys between motor and main shaft 
serve to vary speed of operation, 





Hunter Reflectometer and 
Color Comparator 


Henry A. Gardner Labs. 
PPLICABLE to problems of color 


control, this new instrument is a 

pattern) mirror photometer for 
comparing the diffuse reflection charac 
teristics of two surfaces, 
such as a sample and stand 
ard, and hence to measure 
whiteness, brightness, col 
or change, color dif 
ference, fading, yel 
lowing, opacity and 
hiding power. 
Motion of a 
single incan 











dl eee Te 


descent lamp between these surfaces pro 
vides variable illuminations upon them 
Observer may vary position of this lamp 
and watch for photometric balance be 
tween two surfaces. Comparisons may 
be made with artificial daylight, red, 
green, or blue color filters. 












Magnetic Inspector 
Ferrous Magnetic Corp. 


YR rapid continuous inspection of bar 
stock, tubes, ete. New model = an 
nounced. Features: (1) Materials in 
spected to very end, which could no 
be done previously 
(2) New circuit 


and controls obvi 







ate use of oscillo 
graph. (3) Cooling 
devices done away 
with by elimination 





of need for a physical comparison stand 
ard. (4) Circuits now closed throughout 
test hours; hence, no more delay cutting 


test coil on and off when materials pas 
in and out. (5) Speed may be regulated 
between 75 and 100 ft./min.; previously 
10 to 35 was average best. (6) Detector 
and signaling devices now constructed 
and positioned to give oper itor complet 
control of inspection routine. (7) Single 
bell stroke and simultaneous flashing of 
signal light--both mounted on apparatus 

indicate appearance of a defect. (8 
An additional color-light signal system 
indicates extent of defect; an additional! 
bell stroke indicates end of defect leaving 
detector circuit. (9) Throughout these 
signal indications a large switchboard in 
strument is in operation, its scale deflec 
tion indicating degree of defect. (10) Lr 
addition, emery wheel, paint gun or high 
speed shears may optionally be installed 
for automatic marking or cutting. (11) 
Inspector now having full control, direct 
orders to segre gate or grade tested ma 
terial are made Poss sible; heretofore, with 
oscillator type indicating circuit, opera 
tor was remote (dark-room) from = in 
spection operation proper 





Water Velocity Indicator 
Trib, Tauber & Co. 


NLIKE conventional current meters QC ) 


oper: ating counters, this new Swiss 

instrument indicates 
instantaneous 
velocity on a 
remote por 
table instru 
ment. Prin 
ciple is that 
of electric 
tachometer: 
small mag _ i 
neto is driv 
en by propeller and its d.c. output 
(<1 milliwatt) measured on high-sen 
sitivity temperature-compensated gal 
vanometer with knife-edge pointer and 
intiparalax mirror scale. Calibration 





is linear throughout practical range. All 
sources of trouble seem to have been 
eliminated in design and construction 
immersion for long periods at “great 
depths” being declared practicable 
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Object Side 
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Binocular-vision Disk Stroboscope 


George Scherr Co. 


ORTABLE or adjustably mounted Unique feature is adapter plate 4 for 
on a tripod, this new Zeiss-Ikon in fastening a pair of prism binoculars in 
terrupted-line-of-sight stroboscope is front of viewing apertures when close-up 

furnished with a set of seven slotted of airplane propeller, e.g., is desired. 

disks (1 to 24 slots in each) affording an Electric motor drive; thumb-regulated 


exceptionally wide total speed range. governor; built-in shaft-speed tachometer. 





Industrial Expansion-type Pyrometers 
The R. Y. Ferner Co. 


fragile in appearance, tubes are said to 
withstand severe plant service. Refriger 
These pyrometers can also 


ESIGNED by Dr. Chévenard and 

made by the Aciéries d’Imphy. 

Principle: difference of expansion 
of a Pyros rod and enclosing fused silica 
tube. Pyrosalloy is unaf 
fected by repeated cycles 
of heating to 2000° F. and 
cooling. Three ranges: 300, 
600 and 1000° CC. Four 
lengths of silica tube: 0.450, 
0.600, 1.0 and 14 m. O.d. 
of longer tubes, 16 mm.; 
of shorter ones 8 mm. The 
lengths of the Pyros stand 
ards vary from 100 to 225 
mm. Five types of instru 
ments: Type A is plain in 
dicator. Type B_ indicates 
and also controls or signals 
by contacts on two arms 
pivoted in axis as 
pointer. Upper arm is set 
at desired temperature. 
Pointer has two contact 
points, second of which 
icts soon after first if first 
fails to break heating circuit. If, on low 
point of upper-arm control circuit, heat 
should not be turned on, pointer contin 
ues to toward lower arm = and 
through it closes alarm circuit. Optional 
ly, if automatic control is not desired, 
upper and lower arms are used in con 
ventional way to give two different sig 
nals. Other three types have recording 
drum driven by clockwork. Type C is 
plain recorder. Type E records and is 
also equipped with two arms like Type 
B. With Type F, a desired temperature 
cycle can be imposed on furnace or bath, 
by means of a thin silver strip on drum, 
representing the temperature curve de 
sired. Needle makes contact with this 
to open and close heating circuit as in 
Type B, but setting point at any moment 
is determined by silver curve. A rheo 
stat can be used in heating circuit to 
give just enough current to maintain 
highest temperature desired. Use of fused 
silica tubes is said to have advantage 
of small expansion, small thermal conduc 
tivity, rigidity at high temperatures, and 
radiant heat transmissivity permitting 
rapid heating of Pyros standard. Though 


ation Service: 


be used for this service by making lower 





same 








move 














Type F program device, and result. 


contact arm the one which operates the 
relay on control circuit. 
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Analytical Balanc< 


Voland & Sons, Inc. 
ANDLING of all wei 


riders below 2 g. 100 n 
away with by use of 
Patented Vernier and Grid.” 
of vernier (Fig. 1) the use of 
weights below 100 mg. is entir 
nated: By moving a single u 
between vertical shifting pin 


over left end of beam) load in 
recorded, 
mg. and tenths being indicated 
uated strip by vernier. This stri 
zontal and at eye level, permitti 
racy in reading and natural sitt 
tion for operator. 


zero to 100 mg. is 


Vernier ar 












































disk are operated by knurled knob 


lower right hand side of balance cabinet 


and can be used while beam is in nv 


\ magnifier for easier reading of vernier 


can be attached. Grid (Fig. 2) is a } 
ented construction within and behi 
right hand hanger of balance, by uss 


; 


which weighings from 100 mg. to 2 


can be made. Weights are placed with 


the hanger, where they do not com 
direct contact with any other pa 
the balance, and therefore are not 
ject to friction. In operating grid, 
knob on right side of balance cast 


used to shift rod until the small lever | 


over selected abutment. It then 


ered, displacing weight on grid. Shou! 
this not be right weight, by placing lever! 


under the abutment weight can be rats 
individually. If a series of weights ! 
been displaced, by engaging large lev 
with all abutment lowered, and th 


ing it, all weights are removed from gri¢ 
simultaneously. With these attachments 


is is said, fast weighings can be rapid 
made without displacing either 1 
beam or weights on grid. Ri 
weights can readily be moved | 
for replacement or adjustment. N 
ance, it is said, will withstand o 
laboratory usage without impair 
curacy. 
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Small Hole Gage 
Federal Products Corp. 


)R measuring small diameters as well 
as detecting out-of-round, bell mouth, 
and taper condition, this new Federal 
Small Hole Gauge, Model 166, is a two 
point contact, dial micrometer, plug gage 
with plugs (furnished for any size from 
9.200” to 1%”) that can be changed in 
less than one minute. Standard length 
range is 23,” to 53,”; other lengths can 
be supplied. Bench type (illustrated) can 
be operated either by hand or by foot 
lever control. Also, it can be furnished 
with pistol grip in place of stand. Indi 
cator is graduated in 0.0001” and dial is 
movable for setting. 





Hunter Glossmeter 


Henry A. Gardner Labs. 


O obtain a numerical rating for gloss 
and provide a description of surface 
texture, this small, portable, self-con 
tained photometer measures the intensity 
of specular reflection of surfaces to 





which it is applied. The gloss value ob 
tained is independent of the diffuse, or 
body reflection of the surface tested. 
For this reason a numerical gloss figure 
does not depend upon the color and 
brightness of the sample, but only upon 
the surface’s mirror-like reflection. Ap- 
plicable to the gloss problems of the 
paint, paper, textile, ceramic, metal fin- 
ishing, and other industries. 


A Small Littrow Quartz 
Spectrograph 
By Everett W. Melson* 


OR industry and education, this new 

instrument is simple in design, stur- 

dily built and easily portable. Range 
covered is from 2100 to 7000 A.u. and 
linear dispersion between these limits is 
approx. 150 mm.; and length of the in 
dividual spectrum lines on photographic 
plate is 3 mm. Entire range being cov 
ered in a single spectrogram, no adjust- 
ments of lens or prism are required (as 
in larger instruments of Littrow type) 
and rigidity and permanence of adjust- 
ment are achieved since optical system 
has no movable parts. Not intended to 
replace medium or large spectrographs 





*Bausch & Lomb Optical Co., Rochester, N. Y 


for work on complex spectra where close 
lines require high resolving power and 
dispersion for satisfactory separation, 
this instrument affords a longer and 
more easily read spectrum and a greater 
precision of measurement than any other 
small spectrograph. For simple spectra 
(especially non-ferrous metals) it pro 
vides an exceptionally rapid tool for 
analysis, particularly if desired informa 
tion can be obtained in the short wave 
length portion of the ultraviolet, where 
the linear dispersion and resolving power 
of a quartz spectrograph are much great 
er than at long wave-lengths. Examples: 
detection of Ag, Cu, Bi, Sn and Sb in pig 
lead; Ag, Pb and Fein copper; Sn, Pb, 
Cd and Mn in zinc-base die casting alloys 
Among other uses: detection and identi 
fication of weighting in silks, and of 
metals in other fabrics; study of inor 
ganic constituents of plant and animal 
tissues; analysis of dissolved solids in 
water; analysis of glass and other ce 
ramic materials for impurities. 

For analyzing explosion reactions in 
internal-combustion engines, this new 
instrument is easily mounted on engine 
bloek in position to receive light from a 
quartz window fitted in cylinder wall or 
head, and spectra obtained permit ac 
curate measurement and identification of 
emission lines and bands produced by ex 
plosion. Under favorable conditions it 
can also be used for quantitative work, 
the requirement being that the spectrum 
lines of the element to be determined 
must be clearly separated from neighbor 
ing lines of other constituents. It is ideal 
ly suited to absorption analysis, where 
too high dispersion is often a hindrance 
rather than a help, and where it is de 
sirable that all the required information 
be contained on a single plate. 

Optical system is of crystal quartz of 
the “Auto Collimating” type, in which a 
prism with a metallic reflecting back is 
used and a single lens serves both as 
collimator and camera lens. Light enter 
ing the slit is rendered parallel by the 
lens, is refracted on entering the prism, 
ind upon striking metallic coating is re 
flected back along a path nearly parallel 
to entering beam. It is again refracted 
on leaving prism and is focused as a 
dispersed spectrum upon photographic 
plate by same lens that collimates enter 
ing light. This design permits, for a given 
overall length, much greater focal length 
ind linear dispersion than in quartz 
spectrographs of ordinary type. Four 
standard slits are provided (2, 5, 10 and 
204) cut in a properly protected silver 
coating deposited on a single quartz slide 
Slit widths are indicated in microns on 
face of slide. Advantages of this type 
are: stability, parallelism of edges and 


ease of cleaning. 

Plate holder is a standard Graflex 
type, 5 x 7” size, especially adapted for 
use on this spectrograph. Septum be 
tween two slides has been removed to 
permit one slide to be used for loading 
and the other for exposure after holder 





has been placed in spectrograph P ite 
is bent over curved guides to meet foc 
curve of lens and a scale indicates lo« 
tion in the vertical direction and pro 


vides for proper spacing of exposures 





Enclosed indicating and 
Drop-out Fuse Cutout 


General Electric Co. 
ORCELAIN-enclosed cutout shows 


open circuit, either by conventiona 

drop out method or by i new meth 
od: partially opening bottom of door 
New indicating feature allows door bot 
tom to protrude only about 1',”, there 
fore live contacts and mechanism are 
not exposed to weather. Rated at 5000 
volts, 60 amps., with an interrupting ca 
pacity of 1500 amps. (rms.), new device 
is convertible from the new indicating 
iction to drop-out action, by removing 





(with fingers) a small wire voke. When 
device is employed is conventional drop 
out cutout, a time-delay feature (spring 
latching mechanism) causes current to 
be broken in fuse holder before contacts 
open, thus preventing burned contacts 
ind possible destruction of the cutout. A 
spring-driven lever arm to which fuse 
link is fastened pulls even largest sizes 
of fuse links out of fuse holder when 
currents are too small to produce expul 
sion action, thus assuring indicating or 
drop-out action. Lever forms part of 
door hinge; both are electrically isolated 
when door is open 





Bausch & Lomb Optical Co., Roch 
ester, N. Y., has prepared for free dis 
tribution suggested plans for two photo 
micrographie dark rooms. One of these 
calls for the smallest usable space 6x6 
the other for an average size dark room, 
9x12’. Layouts show suggested arrange 
ment of sink, table, print-washer, drain 
boards, ete.; and give estimated costs for 
carpentry, painting, plumbing and wir 
ing. Materials needed are listed and their 
total cost estimated. The plans ire print 
ed on one side of a poster, on the other 
side of which the rules for using the 
dark room are printed, with a bold eap 
tion, “Knock Before Entering.” 





Surface Temperatures 








Fiat 

Stationary The “Alnor” 

or . . 

Moving Combination Pyrocon 
Curved 

Surfaces Ideal for rolls, molds. 


plates, platens and 
plastic material temper 
atures. 

Write for bulletin. 
WMinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Iilinois 
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Time-delay Demand Relay 
The Esterline-Angus Co. 
EMAND LIMITATION problems 
require equipment which will auto- 
matically sound a warning or shut 
non-essential 


loads when electrical 
energy consump 
tion passes an ar 
bitrary limit dur 
ing a predeter 
mined interval of 
time. For greatest 
usefulness, equip 
ment should be 
able to perform 
either or both func 
tions. The makers’ 
contact - making 
wattmeter was de 
signed for this pur 
but it does 
not exercise’ dis 
the time duration of 
this load. A second mechanism is neces 
sary. Both motor driven and thermal 
types of time-delay relays, when used as 
this second mechanism in the past, pre- 
vented load from being shut down as 
result of momentary peaks, and also pre- 
vented chattering of relays and signals 
or too-frequent operation of switches 
when load hovered near limit, but both 
had disadvantages: With motor-driven 
type, delay was fixed once mechanism 
adjusted and did not vary with 
character of load; and after device 
tripped, a temporary opening of ener 
gizing contacts (resulting from momen- 
tary dip in load) would cause mechanism 
to re-set and repeat its full time cycle. 
With thermal devices it was possible to 
have time delay inversely proportional to 
load, but these devices had comparative 
ly narrow adjustment ranges, were dif- 
ficult to pre-set for a desired time delay, 
and in some cases were affected by am 
bient temperature. With neither type was 
it possible to have equal delays accord- 
ed to rising and falling loads. (That is, 
when subjected to a decreasing load, the 
instrument should re-set at the same 
time rate at which it was originally re- 
leased by an increasing load.) There is 


down 





pose, 


crimination as to 


was 


now announced a Time-delay Demand 
Relay which, used in conjunction with 
the makers’ contact-making wattmeter, 


provides an adjustable time delay gov 
erned by nature of load and equal in 
both directions. The new device embodies 
two self-starting synchronous electric 
clock motors—one (A) continuously 
energized from supply line, the other (B) 
intermittently from “high” contact of 


MOVING CONTACT 


Zf£RO STOP: MAY ALSO 
SE USED AS RELAY t 
RESETTING CONTACT. ii 


OU FERENT/AL 
GEARING 












contact-making wattmeter—arranged to 
revolve in opposite directions and, 
through a differential gearing and fric- 
tion clutch, to drive a pointer-and-con- 
tact arm identical with that used in con- 
tact-making instrument. “A” drives 
pointer down-scale; while “B,” operated 
from the wattmeter, drives it up-scale. 
Differential gearing is such that pointer 
has equal speeds when traveling either 
right or left. Hence, equal time delays 
in both directions. Friction clutch pre 
vents overstress when either contact is 
reached. As long as load remains below 
predetermined value, upper contact on 
wattmeter remains open; only “A” is en 
ergized, and pointer is driver down-scale. 
Whenever load exceeds predetermined 
value, instrument contact closes, “B” is 
energized and pointer-and-contact arm 
driven up-scale. If contact on primary 
wattmeter is alternately made and brok 
en by a varying load, time-delay demand 
mechanism will integrate this effect, mov 
ing pointer alternately up- and down- 
scale. Net result is to add up time dur 
ing which load has exceeded limit for 
which contacting wattmeter is set, and 
to subtract time during which load has 
been less. Thus, if a uniformly low load 
has been maintained for hours and a sud 
den high load occurs, device will afford 
a maximum delay corresponding to point 
for which it is adjusted. If load has been 
hovering around critical point, the time 
delay will be correspondingly less_be- 
cause pointer and contacts will already 
be up part of scale. Instrument shown in 
diagram is so geared that time required 
for pointer to travel completely across 
scale is four minutes. Since upper con 
tact arm is movable, maximum delay can 
be adjusted for any value up to 4 min., 
in infinitely small increments, with an ac 
curacy of setting of + 5 sec. As supplied 
where block intervals are 15 or 30 min 
utes, instrument has standard 12-min. 
time limit and + 15 sec. accuracy. Scale 
and pointer are visible through window: 
functioning of instrument can also be 
observed without opening door. 
Various combinations are possible be- 
cause new device has an adjustable con 
tact and associated contact-making watt- 
meter has both high and low adjustable 
contacts. Actual working load in k.w., 
critical load in k.w. and time delay in 
minutes are continuously visible on di 
rect-reading scales. Since upper contact 
on the wattmeter can be used for con 
trolling other circuits, alarm-sounding 
and switch-operation functions may be 
divided in various ways between the two 
instruments. One is to use contacts on 
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wattmeter for operation alar 
and contacts on the delay mec! 


circuit breaker control. With 
rangement, signal will operate ; 
total load exceeds point at whi Ste ; 


ment is set, but no other auton 
ation will take place. This war: 
operators that demand limit is 
ceeded and that non-essential |; 
be shut down promptly. If lo ’ , 
sufficiently reduced within time 
delay device is set, delay mecha 





then accomplish load reduction mat 
ically. 
New instrument is not inte 


check power company’s block int: 
mand meter. It is housed in , 
standard contact-making instrument ; 
switchboard or wall type. 





Battery Testers 
General Electric Co. 
IMULTANEOUSLY testing three 
cells of a 6-volt storage battery, th; 
new Tungar tester, Model CS-312 
is equipped with three “precisior 
voltmeters” and a 0-300-ampere ammet 
guaranteed accurate within 2%. Whe; 
carbon-pile resistance is applied, th 





meter registers the actual discharge f; 
the battery and the voltmeters record t 





condition of each ceil. Completely « Ever} 
closed; wall or portable models. P at 90! 
bears a “Condition of Battery” obtat 
with testing instructions and spaces f the B 
pencil notations of meter readings. Moc have 

lla VE 


CS-3126719 has iron-vane type _ inst: 
ments: accuracy and price corresponding 
ly lower. 
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National Physical Laboratory Keport 
for the Year 1933. His Majesty St 
tionery office, London, 1934. Paper, 8 Ul 
10% inches, 264 pages. Price 13s 
The report covers the activities of 
the National Physical Laborato: jur ) Ay 
ing 1933. The reviewer will only mak | Phi 
reference to those parts of the H N 
pertaining to measurement. | Co 
In the physics department furth: 
work was carried out on the ther! H 
and electrical conductivity of t ( 
at high temperatures, high-ten 
ture thermometry, X-ray anal 3 of M 
the internal structure of meta und Nal 
the dosage of X-rays and gamm i Mi 
The electricity department cat i 
research on interelectrode capa‘ Te 
of thermionic tubes, frequency) 
ardization, absolute measurement I 
sistance, photometric measurement Bausc 
gaseous discharge tubes, and g ee 
The Metrology department best 
out the decennial comparisons Lomb 
Imperial Standard Yard, and 
on a new wave-length compara 
well as the stability of heat t 
hardened steel gages. 
The engineering department 
oped a new form of fatigue test 
chine. This machine permits n ls 
to be tested under any combin 
simultaneous cycles of torsion 
ure stresses.—Ricnarp Rimpacu ( -B- Ce 
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This Photomicrograph, made with B&L 
5.5mm objective, negative eyepiece and 
regular illuminating system, is 
from 7! in. It is unmasked! 


VA Y for your 


particular work... 


reduc ed 


Every photomicrographer who has made photomicrographs 
at 5300 magnifications has encountered serious difficulty in 
obtaining both resolution and flat field. Those who are using 
the B&@ L 5.5mm objective and negative eyepiece, however, 
have entirely eliminated that trouble 


These B&e L Optics are designed specifically to produce flat 
field at 500 magnifications. 


For other magnifications the well known flat field Ampliplan 
eyepieces give equally excellent results—results obtainable 
only with optics especially designed for your particular 
problem. 


Here is a partial list of B& L Optics: 


Ultra violet optics For resolution with short 
wavelengths 

Apochromatic objectives] 

Fluorite objectives 


Compensating eyepieces 


For excellent resolution 


For use with Apochromatic 
objectives. 

Hyperplane eyepieces For flat field with Achromatic 
objectives (visual) 

For grain size measurements 


Unexcelled for Macro photogra 
For gross photography 


Micrometer eyepieces 
Micro Tessars phy 


Tessars 


Bausch & Lomb invites you.to consult them regarding the 
best optics for your particular work. Write to Bausch & 
Lomb Optical Co., 615 St. Paul Street, Rochester, N. Y. 


Bausch & Lomb 

















SENSITIVE RELAYS 


FOR PHOTO-ELECTRIC CONTROL 


Ward Leonard sensitive relays are especially suited 
to photo-electric and similar applications where 
operation of the relay is dependent upon extremely 
low values of current, as in plate circuit of vacuum 
tube. Other Ward Leonard Relays are available 
for heavier duties. They are all dependable instru- 


ments. You want to know about them. 


Descriptive Bulletins 


Sensitive Relays Bulletin No. 251 
Light Duty Relays Bulletin No. 106 
Intermediate Duty Bulletin No. 81 
Heavy Duty Relays Bulletin No. 131 
Vacuum Contact Bulletin No. 107 


Send for Bulletins of interest to you 


WARD LEONARD 


RELAYS + RESISTORS + RHEOSTATS 


WARD LEONARD ELECTRIC CO. 


38 South St., Mount Vernon, N. Y 
Please send me Bulletis N« 
Name 


Company_ 
Street___ 
City and State 
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INSTRUMENTS INDEX 


of instruments and devices for measurement, inspection 


or control 


lf you are unable to find what you require in this section of 
INSTRUMENTS—write Information Section, Instruments Publishing 
complete information of requirements. 


Company. Give 





AIR METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co. 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cos. 

ALTIMETERS 
General Electric Co. 
Taylor Instrument Cos. 

ALTITUDE BAROMETER 
Taylor Instrument Cos. 

AMMETERS—Indicating 
Genera! Electric Co. 
Genera! Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst., 


Resording 
Bristo] Company 
Brown Instrument Co. 
Genera! Electric Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 
ANEMOMETERS 
Bristol Company 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Beusch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
ATTENUATION NET- 
WORKS 
Genera! Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 
BALANCES 
Boller-Smith Co. 
BALANCING MACHINES 
Genera! Electric Co. 
BAROMETERS 
Bristo! Company 
Gaertner Scientifie Corp. 
Taylor Instrument Cos. 
BATTERY TESTERS 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
SEARING TESTERS 
Burgess Labs., Inc., C. F. 
BIMETAL ELEMENTS 
W. M. Chace Valve Co. 
BOARDS: INSTRUMENT 
Bailey Meter Co. 
1 Co. 


Corp. 


Bristo " 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing instrument Co. 
BOILER METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
BRAKE TESTING 
METERS 
wseon Elec. Inst. Co. 


BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Pereent 
General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Shalicross Mfg. Co. 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CALORIMETERS 
American Meter Co. 
Gaertner Scientific Co. 
CAPACITANCE METERS 
Genera! Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 


caneee DIOXIDE 
METERS 

Brown ee Co. 
Foxboro ( 

eaTuaTouatens 
Gaertner Scientific Corp. 

CHRONOGRAPHS AND 

CHRONOMETERS 

Gaertner Scientific Corp. 
General Electric Co. 
Genera! Radio Co. 

CLINOMETERS 

CLOCK S—Gage Board 
Brown Instrument Co. 


Pioneer Instrument Co. 
coi.s 
Resistance. Inductance. 
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pesial 

General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Ward Leonard Elec. Co. 

COIL TESTING EQUIP. 
MENTS 


General Electric Co 
Kurman Electric Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co. 
Thwing Instrument Co. 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Oo. 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
CON DENSE RS—Eleetrical 
General Electric Co. 
General Radio Co. 
CONDUCTIVITY METERS 
indicating, Recording, 
Contretling 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 


CONTOUR L BeQouane 


PROJE 
CONTROLS, AUTOMATIC 
Bailey Meter Co. 


Combustion 
Condensation 
Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Coa. 
Wilbin Instrument Co. 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Forboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 
Taylor Instrument Coa 
Wilbin Instrument Co. 
Lighting 
Weston Elec. Inst. Corp. 
Liquid Levet 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Materials Testing. 
Baldwin-Southwark Corp. 
Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cn 
Wilbin Instrument Co. 
Pyrometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument (Co. 
Wilbin Instrument Co. 
Rate-Velume 
American Meter Co. 
Forboro Co. 


Refrigeration 

Bristol Company 

Brown Instrument Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Specific Gravity 

Bailey Meter Co. 
Tachometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Weston Elec. Inst. Corp. 
Temperature-Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos 

Wilbin Instrument Co. 
Ther mumeter 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Uo 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Ther mestat 

Bristol Company 

Brown Instrument Co, 

Foxboro Co. 

Pioneer Instrument Co, 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Time 

Bristol Company 

Brown Instrument Oe, 

Foxboro Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Vacuum 

Batley Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Valve—Motor Operated 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Coa 

Wilbin Instrument Co. 
Voitage A.C. 

Ward Leonard Elec. Co. 
Water Level 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co, 

Foxboro Co. 

he oo Instrument Co. 

Taylor Instrument Cos. 
COUNTERS—Magnetle 

Thwing Instrument Co. 
Revolution 

Bristol Company 

Brown Instrument Co. 

— Instrument Co. 

e 


Bristo ont Seper 
CREEP TESTER 
— rPtag Rad a 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 
Bristol Co. 
CYCLE COUNTERS 
General Radio Co. 
CYCLOMETERS 
DAMPING TESTER 
DEFORMETER (Beggs) 
DEMAND METERS 
Gas 
Forboro Co. 
Elestrie: Indicating, Re- 
cording, Printing 
iMMERS Co. 


DIMM 
Leonard Elec. Co. 
DIviDING HEAD 


ot 
DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
Genera] Electric Co. 


Weston Elec. Tnat. Corp. 
Ante ee > | leaded 


ms, Flee } aa Co. 
Roller-&m 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE FILTER 
SECTIONS 
General Radin Company 
ELECTROMETERS 
ELECTRONIC METERS 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. (Co. 
ENGINE INDICATORS 
ENGINE REVOLUTION 
COUNTERS 


EXTENSOMETER 
FATIGUE TESTERS 
FAULT FINDERS 
Rolier-Smith Co. 
Weston Elec. inst. Corp. 
FIELD RHEOSTATS 
Ward Leonard Elec. Co. 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos. 
FLOW METERS 
indicating 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Pioneer Instrument Co. 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Integrating & Reeording 
American Meter Co. 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FOOT-CANDLE METERS 
Weston Elec. Inst. Corp. 
FREQUENCY METERS 
Indicating 
Genera! Electrie Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
General Electric Co. 
Standards 
General Radio Co. 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Taylor Instrument Coa 
Wilbin Instrument Co. 


Tester 
Thiekness 
Vacuum 
General Electric Co. 
Taylor Instrument Cos. 
Volume 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Wind 
Bristol Company 
Brown Instrument Co. 
GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co, 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co. 
GAS FLOW INDICATORS 
American Meter Co. 
George Sidney Binckley 
@AS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binciéley 
Brown Instrument Co. 
Foxboro Co. 
Dry Test 
American Meter Co. 
Wet Test 
American Meter Co. 


Sovennens 


ressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos 


INSULATION 
EQUIPMEN 
Genera! Electr 
Bolier-Smith ( 
INTERFEROMET cng 
Gaerwer Scien ' 
KEYS AND sw: HES 
General Radio 
LABUKATUKY (EO. 
STATS 


TING 


Ward Leonard ( 
LALIUMETERS 

Taylor Lnostrum Cos 
LENSES 

Bausch & Lor t. Co 
LEVELS 
Centering 
Engineer's, Wye, 
Prism 

Taylor Instrument Cos 
waa LEVEL 

RECORDERS 

American Met 

Bailey Meter ( 

George Sidney kley 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Pioneer Instrum ent Co 

Taylor Instriment 
MAGNETIC INSPECTORS 

Kurman E) 
MAGNETIC RELAYS 


Preelslon 


Kurman Elect 

Koller-Smith ¢ 

Ward Leonard } 
MAGNETOMETERS 

Roller-Smith Co 
MANOMETERS 

Bailey Meter (o 

George Sidney Bin kley 


Bristol Co. 
Brown Instrument Co. 
Foxvoro Co 
MASTER CLOCKS 
General Electric Co 
MEASURING MACHINES 
Gaertner Scientific Corp 





FUSE 





Instrument 


Fuses, 
Voltage and Aircraft. 


also Auto, Radio, High 
Send for catalog 


LITTELFUSE LABORATORIES 








4513 Ravenswood Ave. Chicago, II 
GAGES Pump MEGOHMMETERS 
Absolute Pressure Bailey Meter Co. General Radio Co 
American Meter Co. Taylor Instrument Cos. Roller-Smith Co 
Bristol Company Water Wheel MEGOHM VOLTMETERS 
Brown Instrument Co. GRAVITOMETERS Roller-Smith Co 
Forboro Co. American Meter Co. Weston Elec. Inst. Corp 
Taylor Instrument Cos. George Sidney Binckley MICROAMMETERS 
Amplifying Thwing Instrument Co. General Electric Co. 
Comparator GROUND DETECTORS Rawson Elec. Instru. Co 
Cylinder Roller-Smith Co. Roller-Smith Co 
Dotermetion Weston Elec. Inst. Corp. Weston Elec. Inst. Corp 
Dial HAND TALLEYS MICROFARAD METERS 


Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cos. 

Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 

Drill 
Bauseh & Lomb Optical Co. 

Flow 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 

Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Pioneer Instrument Co, 
Taylor Instrument Cos. 


Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pitch Diameter 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Oo. 
Foxboro 
Taylor Instrument Cos. 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Profile 
Rain 
Taylor Instrument Cos. 
Reeording—Distanee 
Bailey Meter Co. 
Bristol Company 


Taylor Instrument Cos. 


Strain 
General Electric Co. 


HARDNESS TESTERS 
HIGH FREQUENCY 
APPARATUS 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
Indlea’ 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp. 
Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Weaton Elec. Inst. Corp. 
Testing Devices 
General Electric Co. 
HOUR COUNTERS 
Weston Elec. Inst. Corp. 
HUB ODOMETERS 
HUMIDITY CON. 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos 
Wilbin Instrument Co. 
HUMIDITY RECORDERS 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 


Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
HYDROGEN ION METERS 
HYDROMETERS 

Taylor Instrument Cos. 
HYGROMETERS 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
ILLUMINOMETERS 

Weston Elec. Inst. Co. 
INDICATORS—See Gages 
INDUCTANCES 

General Radio Co. 
INSTRUMENT CALIBRA- 

TION AND REPAIRS 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weaton Elec. Inst. Corp. 
INSTRUMENT TRANS- 

FORMERS 

General Electric Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 


Split Core 
Roller-Smith Co. 
Phase Shifting 


General Radio Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
MICROMETERS 
Gaertner Scientific Corp 


MICROSCOPES 
Biological 

Bausch & Lomb Opt. ‘ 
Brinell 

Gaertner Scientific Corp 
Measuring 

Bausch & Lomb Opt. ¢ 

Gaertner Scientific Corp 
Metallographie 

Bausch & Lomb Opt. ‘ 
Petrographical 

Bausch & Lomb Opt. ( 
MICROTOMES 

Bausch & Lomb Opt. Co 
MILLIAMMETERS 

Bristol Company 

General Electric Co 

General Radio Co 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Weston Elec. Inst. Corp 
MILLIVOLTMETERS 

Bristol Company 

Brown Instrument Co. 

General Electric Co 

Rawson Elec. Inst. Co. 


Roller-Smith Co 

Taylor Instrument Cos 

Thwing Instrument Co 

Weston Elec. Inst. Corp 
MIRRORS 

Bausch & Lomb Opt. [0 


MODULATION METERS 
General Radio Co 
Weston Elec. Inst. Corp 

MOISTURE METERS 
General Radio Co 

MOTION RECORDERS 

Mechanical 
Bristol Company 
Foxboro Co. 

MOTOR STARTERS 
Roller-Smith Co 
Ward Leonard I Co 

MULTIMETERS ; 
Rawson Elec. Inst. Oo. 
Shallcross Mfg. Co 

MULTIPLE PEN 

RECORDERS 
Bristol Co. 
Foxboro Co. 

MULTIPLIERS 
Genera! Electric { 
Roller-Smith © 
Weston Elec. Inst orp 

NICKEL SOLUTION 

TESTERS 
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Time 
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THE AUXILIARY RELAY 
SHOULD BE THE SAME 


Dunco Relays are Dependable 
Our Engineers Invite Your Inquiry 
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"WE USE CHACE 
THERMOSTATIC 
lary 


IN MANY OF OUR 


CONTROLS 
’ = BRDBADE 








ChaceThermostatic Bimetal 
is the active element used 
to provide various pro 
tective features in auto 


matically fired burners, to 


MINNEAPOLIS - HONEYWELL 
REGULATOR COMPANY furnaces and to regulate 


control the temperature in 


action of automatic heating 
equipment. Fans are started 
and stopped, drafts opened 
and closed, fuel supply regu 
lated with Chace Bimetal. 


Sold in Sheets, Strips 
and in Shapes formed 
to your specifications 
om ich 


oF Bagel han, 





WwW. M. CHA 
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NOISE MEASURING 
sets 


Burgess Labs., Inc., C. FP. 
Genera! Radio Co. 
OHM METERS 
Genera! Electric Co. 
Rawson Elec. Inst. 
Roller-Smith Co. 
Shalicross Mfg. Co. 
Weston Elec. Inst. Corp. 
OIL TESTING 
APPARATUS 
Genera! Eleetric Co. 
Taylor Instrument Cos. 
OPERATION RECORDERS 
Boller-Smith Co. 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Rolier-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
OPTICAL PARTS 
Bausch & Lomb Opt. Co. 
ORIFICE METERS 
iadieating & Recording 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 
fntegrating 
American Meter Co. 
ORIFICES, ADJUSTABLE 
American Meter Co. 
Bailey Meter Co. 
OSCILLATORS 
General Radio Co. 
Weston Elec. Inst. Corp. 
@SCILLOGRAPHS 
General Electric Co. 
General Radio Co. 
Automatic 
Genera! Electric Co. 


@athede Ray 

Genera! Electrie Co. 

Genera! Radio Co. 
PANTOGRAPHS 

r Scientific Corp. 
PERMEAMETERS 
ral Electric Co. 

PHOTO-ELECTRIC CELLS 

Genera! Electric Co. 

Kurman Electric Co. 


Genera! Electric Co. 
Thwing Instrument Co. 
PHOTO-ELECTRIC 
COLOR COMPARA. 
TORS 


General Electric Co. 

Thwing Instrument Co. 
ee? ys oe 

URE METE 

Weston Elec. 4 Corp. 
PHOTOMETERS 

Bausch & Lomb Opt. Co. 

Scientific Corp. 
PHOTO-MICROGRAPHIC 
EQUIPMENT 

Bewson Eiee Instru. Co. 

PITOT TUBE METERS 
rge Sidney Binckley 
Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 
PLANIMETERS 
Automatic Flow Reeord 

Brown Instrument Co. 

Foxboro Co. 

Linear 

Brown Instrument Co. 
Radial 

Bailey Meter Co. 

Bristol Company 

Foxboro Co. 

Square Root 
George we Binckley 


Foxboro ( 
POLARISCOPES 

Geertner Scientific Corp. 
POSITION RECORDERS 


Taylor Instrument Cos. 
POTENTIOMETERS— 
tadieating 

Brown Instrument Co. 

General Electric Co. 

Thwing Instrument Co. 
Reeording & Controlling 

Brown Instrument Co. 

Thwing Instrument Co. 


Stancara Cell Comparing 
Feussner Type 
POWER FACTOR METERS 
Genera) Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
PRESSURE RECORDERS 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
PRISMS 
Gaertner Scientific Corp. 
PROCESS TIMING & 
SIGNALING IN- 
STRUMENTS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
PROVERS 
American Meter Co. 
PROTRACTORS 
Optical 


PSYCHROMETERS 
Recording 


Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Sling 
Taylor Instrument Cos. 
PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optical 
Radiation 
indicating 
Brown Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Reeording 
Brown Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Thermo-electrie 
Immersion 
ristol 


Company 
Brown Instrument Co. 
Foxboro Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
indicating 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Reeording and Controlling 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co. 
RADIO FREQUENCY 
OSCILLATO 


ny 
RADIO SET ANALYZERS 
Weston Elec. Inst. D. 
“es TEST PANELS 
halicross Mfg. 
Gesu Elec. Inst. Corp. 
RADIO TUBE ae 
General Radio Compa’ 
Weston Elec. Inst. Son. 
REF RACTOMETERS 
REGULATORS—See 
Controls 
RELAYS 
General Electric Co. 
Kurman Electric Co. 
Roller-Smith Co. 
Ward Leonard Elec. Co. 
Weston Elec. Inst. Corp. 
Light Sensitive 
Burgess Labs., Inc.. C. F. 
Kurman Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Vaewum Contact 
Burgess Labs., Inc., C. F. 
Vacuum Tube 
Burgess Labs., Inc., C. F. 


REMOTE METERING 
EQUIPMENT 


Brown Instrument Co. 
General Electric Co. 
Pioneer Instrument Co. 
RESISTORS 
Genera! Radio Co. 
Roller-Smith Co. 
Shalicross Mfg. Co. 
Ward Leonard Elec. Co. 
RHEOSTATS 
Generai Radio Company 
Ward Leonard Elec. Co. 
SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Basis Weight 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co. 
SEISMOGRAPHS 
SHUNT METERS 
Bristol Company 
Roller-Smith Co. 
SHUNTS 
Esterline-Angus Co. 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 
Automatie 
Bristo 


Brown Instrument Co. 
Foxbore Co. 
Pioneer Instrument Co. 
SMOKE ALARMS 
Weston Elec. Inst. Corp. 
SPECIAL COILS 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 
General Radio Co. 
Kurman Electric Co. 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 


SPECTROGRAPHS 
Bausch & Lomb Opt. Co. 
SPECTROMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co. 
Geertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
Thwing Instrument Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STRAIN GAGES 
eral Flectric Co. 
STROBOSCOPES 
General Radio Co. 
SUNSHINE RECORDERS 
Taylor Instrument q 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
SYNCH RONOSCOPES 
Weston Elec. Inst. 
Roller-Smith Co. 
SYNCHRONIZATION 
RKS 


FO 
Electrical 
General 


io Co. 

SYNCHRONOUS MOTORS 

General Electric Co. 

Pioneer Instrument Co. 
TACHOMETERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Roller-Smith Co. 

Thwing Instrument Co. 
Weston Elec. Inst. Corp. 





RELAYS, SUPERSENSITIVE 


Operate on 4 ma. at 3 v.; Break 1000 watts a-c. 
INSTRUMENT 


COMPANY, 


INC. 


TACHOSCOPES 


Bausch & Lomb Opt. Co. 
Scientifie Vo: 
bine ~~~ nee (Huggen- 


ger) 
TESTING MACHINES 
Thwing Instrument Co. 
Fatigue 
im 
impact (very light load) 
Thwing Instrument Co. 
Hardness 
Magnetic 
Kurman Electric Co. 
Oil & Bearing 


per 
Thwing Instrument Co. 
Penetration 
Thwing Instrument Co. 
Portable—Tensilo—Cem- 
pression 
Sheet Metal 
Stiffness & Bending 
Thwing Instrument Co. 


etch 
Thwing Instrument Co. 
Tearing 
Thwing Instrument (Co. 
Tensile (very light load) 
Thwing Instrument Co. 
Universal 
THERMIONIC RECTI.- 
FIERS 
General Electric Co. 
THERMO- bia 
jectrice 


Wilbin Instrument Co. 
THERMO-VOLTMETERS, 
METERS 


Roller-Smith Co. 

Weston Elec. Inst. Corp. 
THERMOPILES 
THERMOMETERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 


TIME INDICATORS 
TIME METERS 
General Electrie Co. 
Weston Elec. Inst. Corp. 
TIME OPERATION 
RECORDERS 
Bristol Company 
Foxboro Uo. 
TIME RECORDERS 
Bristol Cor 


TIME SWITCHES 
ral Electric Co. 
TIMERS 
Rawson Elec. Inst. Co. 
TIMING DEVICES 
General Electric Co. 
TORSIOGRAPH 
TOTALIZING 
INSTRUMENTS 
American Meter Co. 
General Electric Co. 
TOTALIZING RELAYS 
Electric 
General Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(instrument) 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
TRANSITS 
Astronomical 
Gaertner Scientific Corp. 


Poeket 
Taylor Instrument Cos. 


TUNING FORKS— 
Electrically Driven 
General Electric Co. 
General Radio Co. 
Gaertner Scientific Corp. 
TURBIDIMETERS 
Bausch & Lomb Opt. Co. 
U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co. 
Taylor Instrument Cos. 





Diaphragm 
Bristol Com; 
Forboro Co 
Taylor Instr 

Differential 
American M: 0 

Electrically Ope e 
Bristol Comps ny 
Brown Instrir ent Co 
General Elec ( 
Taylor Instr 
Wilbin Inst 

Motor Operated 
Bristol Co 
Wilbin Instr nt 

Pressure Relief 
American Meter ( 

Proportional A}; 
American M¢ Co. 

Redueing 
Bailey Meter 
Taylor Instrument Co, 

Regulating 
American Meter Co 
Bailey Meter (Co 
Bristol Co. 

Brown Instrum ent Co. 
Forbore Co 

Taylor Instru ment Cos 
Wilbin Instrument ( 

VENTURI METERS 
Bailey Meter (o 
George Sidney Rinck} ey 
Brown Instrument Us, 
Forboro Co 
Pioneer Instrument Co 

VIBROGRAPHS 

VIBROSCOPES 

VISCOSIMETERS 
George Sidney Binckley 
Taylor Inst. Companies 

VOLTAGE DIVIDERS 
General Radio Co. 
Ward Leonard Elec. ( 

VOLT-AMMETERS 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Cerp 

VOLTMETERS 

Electrostatic 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 

Indicating 


} 








Gas Filled General Electric Co. 
oxborg Ca. VACUUM RECORDERS = Geral Rudls Ga PQ 
Taylor Inst. Companies George Sidney Binckley Rawson Elec. Instru. Co, 
Meehanieal Bristol Company Roller-Smith Co 
Brown Instrument Ce. Brown Instrument Co. Weston Elec. Inst. Corp 
Foxboro Co. Foxboro Co. Reeording 
Mereurial Taylor Instrument Cos. | edly rere Pn G 
Bristol Company VACUUM TUBE BRIDGES Saller-Sasith Co. 
ener Reeieeeaeat 1 Radio Company —Thermionie Reeti fer 
Resistanee . 
Brown Instrumeat Ce. vases TUBE RELAYS General Radio Co pow' 
Foxboro Co. Burgess Labs., Inc., C. F. WATER METERS 
Thwing Instrument Co. VACUUM TUBE Bailey Meter Co 
Vapor- Tension VOLTMETERS George Sidney Binckley You 
Bristol Company General Electric Co. Brown Instrument Co 
Brown Instrument Co. General Radio Co Foxboro Co. pow 
Foxboro Co. Rawson Elec. Inst. Co WATTHOUR METERS 
Taylor Inst. Companies VALVE General Electric Co They 
Automatic Shut-Off 
Wet & Dry Bulb Selaial Compeny WATTMETERS mote 
Bristol Company Brown Instrument Co Indicating 
Brown Instrument Co. Forbero Co. ’ General Electric Co The 
Taylor t — Taylor Instrument Cos Rawson Elec. Inst. Co. 
or Instrum 08. . Roller-Smith Co 
ng oe Co. Wilbin Instrument Co. Weston Elec. Inst. Corp. as 
THERMOST Ts Back Pressure Recording 
Bristol - atl American Meter Co. Bristol Company 
Brown Instrument Co. Balaneed General Electric Co Not 
Forboro Co. Bailey Meter Co. Roller-Smith Co 4 
Taylor Instrument Coa Brown Instrument Co. WAVEMETERS an 
Wilbin Instrument Co. Foxboro Co. General Radio Co pare 
THERMOSTATIC Taylor Instrument Cos. X-RAY SPECTROMETERS 
BIMETAL Blow-off Bausch & Lomb Opt. ( pern 
W. M. Chaee Valve Co. American Meter Co. Gaertner Scientific Corp. ; 
of ¢ 
instr 
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THERMOREGULATORS For Precise Control 


ercury-in-glass and Bimetal; Control to 0.02° C. 
INSTRUMENT 


776 Girard Street, 


N.W 


| 
COMPANY, IN Cc. 
, Washington, D. C 
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HASLER SPEED INDICATORS 


Their automatic reversibility permits measure- 
ment of rotational or lineal speeds in any direc- 
tion, while the hands always revolve clockwise. 


461 EIGHTH AVE. HASLER-TEL CO. New york,N.Y. 
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YOU'LL SAVE HERE 


the Facts 


By Getting 


These Handy Test Instruments Will 
POINT OUT Expensive Power Leaks 


ET the facts with these reliable test instruments. They will 
save their cost many times over by ferreting out expensive 
power leaks and increasing plant efficiency. 


You can know the operating conditions of your motors and 
power circuils by using these portable test instruments regularly. 
They will enable you to spot costly, inefficient, underloaded 
motors; and unreliable, overloaded motors and power circuits. 
They may be used to check your lighting circuits to see that 
your lamps are burning at their rated voltage. 


Note in the illustration how compact these instruments are -— 
and how the terminals, glass, and scale are protected by the 
cover. Remember, too, that these instruments are constructed for 
permanent accuracy and long-time service, and that their degree 
of accuracy is higher than that usually required for utility 
instruments. 


Make General Electric your he 


ratings; others will be built to your specif 


HEADQUARTERS 
FOR ELECTRIC 
INSTRUMENTS 


Name 


Street . 


City. 





General Electric Company 
Dept. 6Z -201, Schenectady, N. Y. C] C] 


with These ruments 





MCAMOING NerTerTig 


(Gt NERA (9) CLAY Ry 


me) 


Let the RECORDER ‘‘Picture’’ Point 
the Way to LOWER POWER RATES 


G E recording instruments will give you a “‘picture’’ of 
F. operating conditions in your plant that is beyond 
question —a ‘‘picture’’ showing accurately the peaks of load 
that are so important in determining your power rates. 


They will catch and record the facts necessary for analyses of 
your plant operation. When placed in the power circuits that 
feed a plant, they will show how much time is wasted, by tell 
ing graphically how long it takes, each morning, for the plant 
to reach normal productive activity. On individual pieces of 
equipment they will reveal stories of idle time, or show details 
of operating cycles. On interrelated equipment they will show 
whether or not each part is performing properly in relation to 
each other part. 


G-E recorders are available in both portable and switchboard 
types. Their price enables you to have adequate measuring 
equipment at a very reasonable investment. 





Portable Test Recording 


Please send me information on the instruments | have checked. 


FR cinasionce 














Guarding Quanity OF BIRDSBORO STEEL CASTINGS 


GL ATCHING and re- ates independently of temperature ‘urnished in one size using 
By UNTIRINGLY WATCHING lr t lependent! f temperat I hed ) 
cording temperatures throughout the conditions ‘at the recorder. It em- round chart. For a large numbe: 
annealing process, these two Bristol’s ploys the patented frictionless smoked ranges up to 3000°F. Write for 
Recording Pyrometers are an invalu- chart recording system, a superior Catalog 1403-RC describing Bristol’s 
able help in protecting the recognized method that eliminates any retarding Round Chart Recording Pyrometers. 
quality of Birdsboro steel castings. action of the pen arm due to friction. a 
As this well-known concern puts it, The round form of chart is easy Photograph shows two Bristol’s Round Chart Re 
wore rele ‘or aft ; ' , cording Pyrometers, Model 437, in the 
“they are relied on for affording the to read, easy to handle, and con- thc sg * 437) 
; ’ ’ Dept., Steel Foundry Division, Bird 
close metallurgical control essential venient to file for future reference. Foundry and Machine Co., Birdsboro, P 
in process of manufacture’’. rovi Tr. graphic rec- te : 2 : ' 
I Providing a continuous graphic rec CHE. BRISTOL COMPANY 
Regularly furnished with an auto- ord for 24 hours or 7 days as desired, WATERBURY CONNI 
matic internal cold-end compensator, it shows at a glance any fluctuations Branch Offices in Principal Cit ~~ 
. . : ’ : Bristol Company of Canada, Ltd., ’ 
Bristol s Model 437 Py rometer oper- and temperature irregularities. Bristo Instrument Co, Limited, Lo» 


BRISTOLS 


PIONEERS IN PROCESS CONTROL SINCE 1889 





